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Abstract

Background: Nurses experience insufficient medication knowledge; particularly in drug dose calculations, but also
in drug management and pharmacology. The weak knowledge could be a result of deficiencies in the basic
nursing education, or lack of continuing maintenance training during working years. The aim of this study was to
compare the medication knowledge, certainty and risk of error between graduating bachelor students in nursing
and experienced registered nurses.

Methods: Bachelor students in closing term and registered nurses with at least one year job experience underwent
a multiple choice test in pharmacology, drug management and drug dose calculations: 3x14 questions with 3-4
alternative answers (score 0-42). Certainty of each answer was recorded with score 0-3, 0-1 indicating need for
assistance. Risk of error was scored 1-3, where 3 expressed high risk: being certain that a wrong answer was
correct. The results are presented as mean and (SD).

Results: Participants were 243 graduating students (including 29 men), aged 28.2 (7.6) years, and 203 registered nurses
(including 16 men), aged 42.0 (9.3) years and with a working experience of 124 years (9.2). The knowledge among the
nurses was found to be superior to that of the students: 68.9%(8.0) and 61.5%(7.8) correct answers, respectively, (p <
0.001). The difference was largest in drug management and dose calculations. The improvement occurred during the
first working year. The nurses expressed higher degree of certainty and the risk of error was lower, both overall and for
each topic (p < 0.01). Low risk of error was associated with high knowledge and high sense of coping (p < 0.001).

Conclusions: The medication knowledge among experienced nurses was superior to bachelor students in nursing, but
nevertheless insufficient. As much as 25% of the answers to the drug management questions would lead to high risk of
error. More emphasis should be put into the basic nursing education and in the introduction to medication procedures
in clinical practice to improve the nurses’ medication knowledge and reduce the risk of error.
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Background

Adverse events frequently involve medication errors,
and they accounted for 19% of the events reported in
Norway in 2013 [1]. The events are often categorized as
prescription errors made by physicians or management
errors made by nurses. A common notion has been that
the nurses’ involvement in medication management is
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quite simple: giving the Right patient the Right drug in
the Right dose and Right administration form at the
Right time. However, the nurses’ responsibilities include
more than just carrying out the orders from the physi-
cians [2]. In order to ensure a safe storage, dispensing
and administration of the drugs, the nurses must know
the pharmacological principles for each drug; the Regula-
tions of drug management; precautions for preparation;
and considerations concerning administration to patients.
Errors may be caused by either lack of knowledge, routine
failure, insufficient practical skills or as a result of an acci-
dental happening [3].
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During the years there has been considerable concern
about the insufficient drug dose calculation skills among
nursing students and registered nurses [4-8]. Questions
have also been raised about the basic pharmacology edu-
cation in university colleges, but this has not been stud-
ied to the same extent [9,10]. Little is known about the
scope of knowledge in drug management. A german ob-
servation study investigated errors during the drug man-
agement process, and found errors in 61% of the observed
cases: storage errors in 27%, dispensing errors in 88% and
administration errors in 36% [11].

The students are under supervision and not allowed to
perform medication tasks by themselves, but there have
been documented administration errors in 26—40% of
the processes [12]. In a study analysing more than 1300
student medication errors in the USA, 51% was caused by
performance deficits and 27% by knowledge deficit [13].
Other studies around the world confirm that the issue of
medication errors among nursing students should be
taken seriously [14,15].

It seems predictable that experienced nurses have bet-
ter knowledge and practical skills than graduating nurses.
In an earlier study, we concluded that medication know-
ledge was unsatisfactory among practicing nurses, with a
significant risk for medication errors [16]. The study re-
vealed a need to improve the nurses’ basic knowledge, es-
pecially in drug management. The insufficient medication
knowledge could be a result of deficiencies in the basic
nursing education, or lack of continuing maintenance
training during working years. We would like to investi-
gate this further by comparing the medication knowledge
in registered nurses with the knowledge of graduating bach-
elor students in nursing, at closing term of the 3™ year.

Aims

The primary aim of the study was to compare medica-
tion knowledge, certainty and risk of error between
graduating bachelor students in nursing and working
registered nurses.

Secondary aims were to search for factors associated
with high medication knowledge and risk of error, and
to evaluate how much the medication knowledge and
skills among nurses are developed during postgraduate
on-the-job training and experience.

Methods

Study design and setting

The study was designed as a comparison of two cross-
sectional studies, with graduating nursing students and
registered nurses as the target groups. The participants
completed the same form with relevant background in-
formation and answered a multiple-choice questionnaire
(MCQ) test in medication knowledge and skills; pharma-
cology, drug management, and drug dose calculations.
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An English translation of the questionnaire has previ-
ously been published in BMC Health Services Research,
as an appendix to the study of medication knowledge,
certainty, and risk of errors in health care [16]. The par-
ticipants carried out a test under controlled conditions,
and the maximum time allowed was 2.5 h.

Participants

Norwegian bachelor students in closing term of the 3" year
and registered nurses with at least one year job experience
from hospital or primary health care establishments were
invited to carry out a multiple choice test in pharmacology,
drug management and drug dose calculations. The students
were recruited from two University colleges, with 520 3™
year students, and the registered nurses were recruited
from two Norwegian hospitals with 2.300 nurses and from
three municipalities with 500 nurses.

Inclusion criteria were registered nurses with at least
one year of work experience in 50% part time job or
more. Nurses working in outpatient clinics were ex-
cluded, together with any who did not administer drugs,
or who were not sufficiently fluent in Norwegian lan-
guage. The study was performed from September 2007
to April 2009.

Variables

The following demographic characteristics were recorded:
age, gender, and childhood in or outside Norway. Some
educational and working background information were re-
corded: number of years of studying mathematics beyond
the first mandatory year at upper secondary school; other
education prior to nursing; and percentage part time job
(1 =full-time) for the past 12 months. Further, the fre-
quency of the following medication tasks were recorded,
scored 0-3: 0 = less than monthly, 1 = monthly, 2 = weekly,
and 3 = every working day: calculation of dosages; prepar-
ation tasks (preparation of infusions or injections, multi
dose packaging, and preparation from original package);
and distribution tasks (giving to patient injections or infu-
sions, administration from multi dose packages or single
dosages). In addition, statements regarding sense of coping
and self-esteem and wellbeing related to medication tasks
were recorded, using parts of the General Health Ques-
tionnaire (GHQ 30), a Quality of life tool on psychological
and psychosocial symptoms [17].

The medication knowledge test consisted of 42 multiple-
choice questions with 3—4 alternative answers. The topics
within the disciplines pharmacology, drug management
and drug dose calculations, were as follows (number of
questions for each topic shown in brackets):

Pharmacology (14): general pharmacology (3), effect
(3), side effects and interactions (4), administration
form and generics (4).
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Drug management (14): regulations (2), storage (4),
dispensing (4), and distribution (4).

Drug dose calculations (14): conversion of units (7),
formulas for calculation of dose, quantity or strength
(4), and infusion and dilution (3).

The questions were put together from actual tests for
bachelor nursing students at university colleges, from tests
of continuing educational programs used in Norwegian
hospitals, and some were guided from experience from
problems arising among nurses. The questionnaire was
tested for comprehension by 5 experienced registered
nurses working in nursing home, hospital wards and inten-
sive care units. The quality assurance of face validity did
not result in need for revisions of the questionnaire. The
results are presented as per cent correct answers.

For each question the participants indicated a self-
estimated certainty, graded from 0-3: 0 = very uncertain
(would seek for help, consulted colleagues or reference
books), 1 = relatively uncertain (would probably seek for
help), 2 = relatively certain (would probably not seek for
help), and 3 =very certain (would not seek for help).
The results are presented as mean score.

Risk of error was defined as a combination of know-
ledge and certainty for each question, rated on a scale
from 1 to 3 devised for the study. A correct answer com-
bined with high certainty (relatively or very certain) was
stated as low risk of error (score=1), any answer com-
bined with low certainty (relatively or very uncertain) was
stated as moderate risk of error (score = 2), and incorrect
answer combined with high certainty (relatively or very
certain) was regarded as high risk of error (score = 3). The
results are presented as mean score, or as percent answers
with high risk of error.

Nine statements from the GHQ30 questionnaire were
answered: Five statements about coping (finding life a
struggle; being able to enjoy normal activities; feeling
reasonably happy; getting scared or panicky for no good
reason; and being capable of making decisions), and four
statements about self-esteem and wellbeing (overall
doing things well; satisfied with the way they have car-
ried out their task; managing to keep busy and occupied;
and managing as well as most people in the same situ-
ation). The statements were scored 0—3: 0 = more or bet-
ter than usual, 1 =as usual, 2 =less or worse than usual
and 3 =much less or worse than usual; “as usual” was
defined as the normal state.

Ethics

The Privacy Ombudsman for Research at a regional univer-
sity Hospital, representing The Norwegian Data Inspector-
ate, approved the study. Further approval from Regional
Committees for Medical and Health Research Ethics was
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not demanded. Participation was voluntarily, and all partici-
pants gave written informed consent before inclusion. The
data were collected de-identified, and all data were made
anonymous before analyses, to protect the participants
from any consequences as a result of the test. It was consid-
ered ethically justifiable that it would not be possible to
identify persons with high risk of error from this study.
Risky behavior should be caught up by an internal quality
management system.

Analyses

Power calculation

In a former cross-sectional study, 203 registered nurses
were tested for medication knowledge [16]. With 200
participants there was a power of 0.9 to detect a differ-
ence of 1 point out of 14 between two groups, with p <
0.05, provided 75% right answers (score 10.5) and 15%
SD (2.1). Earlier studies testing drug dose calculation
skills among nurses was used as a reference for the
knowledge level [4,5,18]. The students were recruited to
get a convenient group for comparison.

Statistical methods

Depending on data distribution, comparisons between
groups were analyzed with Chi-square or Fishers exact
test; t-test or Mann-Whitney U-test; ANOVA or Kruskal-
Wallis; and Pearson or Spearman tests for correlations.
Friedman’s test was used for comparisons between the dis-
ciplines measured by the same scale. Independent factors
associated with high knowledge and high risk of error
were analyzed by standard linear regression after checking
for multicolinearity and residual normality [19]. Two-
tailed significance tests were used, and p-value <0.05 was
considered statistically significant. The study protocol pre-
defined how to handle missing data. Unanswered ques-
tions or statements were scored as “incorrect answer”, and
unanswered certainty was scored as “very uncertain”. The
analyses were performed with SPSS version 18.0 (SPSS
Inc., Chicago, IL, USA).

Results

In total, 243 students and 212 registered nurses were in-
cluded in the study. Figure 1 shows a flow diagram of the
participants, and Table 1 summarizes the background
characteristics. The mean working experience among the
nurses were 12.4 years (SD 9.2), ranging from 1-42 years.
They were equally recruited from hospitals (99 nurses)
and primary health care establishments (104 nurses), 68 of
them (33.5%) had taken postgraduate specialization, and
46 nurses (22.6%) had participated in relevant medication
courses during the past 3 years. Median frequency of medi-
cation management tasks performed by the nurses were:
every day for preparation of single doses and distribution
from multi-dose packages; weekly for dose calculations,



Simonsen et al. BMC Health Services Research 2014, 14:580
http://www.biomedcentral.com/1472-6963/14/580

\

Did not take

test

Lo

Protocol

violation

(S

Registered Bachelor
nurses students
in nursing
2800 (3 year)
520
\ \
Invitation Invitation
through the through the
management administration
line at the at the university
institutions colleges
| |
Gave Gave
informed informed
consent consent
212 243
Did not
take test
8
Completed Completed the
the test test
204 243
Protocol
violation
1*
Included in Included in the
the analysis analysis
203 243
Figure 1 Flow diagram of the participants. "Nurse was not
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Table 1 Characteristics of participants
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preparation of multi-dose packages, and distribution of sin-
gle doses and infusions or injections to patient; and less
than weekly for preparation of infusions or injections.

The two groups were well balanced in terms of dem-
ography and other characteristics. The students were
significantly younger, had a smaller part time job than
the registered nurses, and they performed medication
tasks more seldom. The nurses expressed a better sense
of coping in medication tasks while the students indi-
cated better self-esteem and wellbeing.

Table 2 summarizes the primary outcomes of the
MCAQ test in medication knowledge, certainty evaluation
and risk of error, totally and for each discipline and
topic. The nurses scored statistically higher than the
students in knowledge and certainty assessment, both
overall and for each discipline, and lower in the cor-
responding risks of error, with the exception of the
topics general pharmacology and dispensing tasks.
Students scored higher than nurses in dispensing know-
ledge and had a lower risk of error in this discipline than
nurses.

There was no difference between the study groups in
overall risk of error. More detailed information is given
in Table 3. The only discipline where nurses were sig-
nificantly safer than the students was drug dose calcula-
tions, with fewer high-risk answers in the dose-amount-
strength calculations. In drug management, 26,6% and
26,4% of the answers from students and nurses, re-
spectively, led to a high risk of error. The contributing
factors to the differences between the groups in high

Students Nurses P-value

(n=243) (n=203)
Age in years (SD), range (n =447)" 282 (7.6), 21-54 420 (9.3), 23-66 <0.001
Gender (men) 29 (11.9%) 16 (7.9%) 0.16
Childhood outside Norway (n = 445)" 12 (5.0%) 16 (7.9%) 021
Mathematics beyond 1% year highfschooI/USS” 105 (43.2%) 80 (39.4%) 042
Other education prior to nurse education 106 (43.6%) 81 (39.9%) 043
Part time job past 12 months (full time = 1.00) 023 (0.21) 0.86 (0.16) <0.001
Frequency3) medication tasks - overall 0.6 (0.5) 1.7 (0.6) <0.001
- Drug dose calculation tasks 0.2 (0.5) 14 (1.1) <0.001
- Preparation tasks 0.3 (0.5) 1.8 (0.6) <0.001
- Distribution tasks 0.9 (0.8) 1.8 (0.7) <0.001
Total mean score GHQ? (9 items) 0.89 (0.26) 0.90 (0.23) 067
- Sense of coping (0-3) 0.97 (0.27) 0.79 (0.28) <0.001
- Sense of self esteem/well-being (0-3) 0.79 (0.35) 1.01 (0.23) <0.001

The results are given as mean (standard deviation), or number of participants (proportion).

Yariable with missing data.
2Upper secondary school.

3Frequency: 0 =less than monthly, 1=monthly, 2 = Weekly, 3 = every working day.

“General Health Questionnaire (GHQ) score 0-3, 0 = better than usual, 1= as usual, 2 = worse than usual, 3 = much worse than usual.
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Table 2 Primary outcomes of the MCQ test in medication knowledge, certainty evaluation and risk of error - totally,

for each discipline and topic

Knowledge Certainty in each answer Risk of error

Proportion correct answers Score 0-3" Score 1-3?

Students Nurses Students Nurses Students Nurses
Total 61.5 (7.8) 68.9 (8.0) 1.7 (0.4) 1.9 (0.4) 1.8 (0.1) 1.7 (0.1)
Pharmacology (14)® 70.8 (11.4) 73.7 (11.1) 1.6 (0.5) 1.8 (0.5) 1.7 (0.2) 1.6 (0.2)
- General (3) 845 (19.7) 819 (21.8) 1.8 (0.6) 1.70.6) 1.5(03) 1.5 (04)
- Effect (3) 728 (25.0) 79.8 (20.8) 13(0.7) 16 (0.7) 16 (0.3) 15(0.3)
- Side effects, interactions (4) 713 (22.7) 77.1 (21.8) 1.5 (0.6) 1.8 (0.7) 1.7 (0.3) 1.6 (0.3)
- Administration form/generics (4) 585 (20.6) 595 (19.1) 1.8 (0.5) 1.9 (0.6) 1.9 (0.3) 1.8 (0.3)
Drug management (14) 42.7 (11.8) 53.2(11.8) 1.6 (0.5) 1.9 (0.5) 2.0 (0.2) 1.9 (0.2)
- Responsibility (2) 274 (33.7) 589 (344) 15(0.8) 20(07) 22 (05) 1.8 (0.6)
- Storage (4) 17.3 (18.0) 339 (214) 1.2 (0.7) 1.5 (0.6) 23(03) 2.1 (04)
- Dispensing (4) 61.6 (19.7) 60.1 (21.5) 1.7 (0.6) 2.0 (0.6) 1.7 (0.3) 1.8 (04)
- Distribution (4) 56.9 (22.6) 62.8 (22.2) 1.8 (0.7) 2.1 (06) 20 (04) 1.8 (04)
Drug dose calculations (14) 71.0 (13.5) 79.9 (14.2) 1.8 (0.5) 2.0 (0.6) 1.6 (0.2) 1.5 (0.3)
- Units (7) 714(017.7) 75.7 (20.4) 1.9 (0.5) 2.1 (06) 16 (0.2) 1.5(03)
- Dose-amount-strength (4) 715 (19.1) 84.7 (16.9) 1.9 (0.6) 2.0(0.7) 1.5 (0.3) 14 (0.3)
- Dilution/infusion (3) 67.7 (25.9) 834 (253) 1.5(0.8) 1.8 (0.8) 1.6 (04) 1.5 (04)

The results are given as percent or mean score, both with (SD). Mann-Whitney U-test.
DScale: 0 = very uncertain, 1= relatively uncertain, 2 = relatively certain, 3 = very certain.

Pscale: 1 =low risk, 2 = moderate risk, 3 = high risk.
() = Number of questions.

Comparisons between the 3 disciplines for proportion of correct answers, mean score of certainty and mean score of risk of error (Friedman test) were statistically

significant; p-values <0.001.

risk of error in the drug management topics are also
found in Table 2: The students revealed a lower know-
ledge of regulations, and the nurses stated a higher de-
gree of certainty in the dispensing questions.

Figure 2 shows the results of the medication knowledge
test with the number of years of working experience. A
significant increase in knowledge was identified after one
year, but no further increase was demonstrated.

Factors associated with high medication knowledge are
given in Table 4.

Study group was the primary factor associated with high
medication knowledge, both overall and for each discipline.
Men’s superiority in drug dose calculations contributes to
significant higher medication knowledge, and a lower score
for participants from outside Norway in pharmacology ex-
plains the lower overall knowledge. Frequency of drug dose
calculations was positively associated with high perform-
ance in the calculation part of the test.

However, the study group was no longer associated with
risk of error when limited to the defined high risk, as
shown in Table 5. The predominant factors for predicting
low risk of error was high knowledge and high sense of
coping mainly in drug management. Given the same
knowledge, childhood outside Norway was associated with
a higher risk in pharmacology and drug management, and

more frequent drug dose calculations was associated with
a higher risk of error in this discipline.

Discussion

The registered nurses showed significantly better medi-
cation knowledge than the bachelor students in their last
term before graduation. However, our earlier research
concluded that medication knowledge was unsatisfactory
among the group of practising nurses, with a significant
risk for medication errors [16].

Although all disciplines were statistically significant in
favor of the nurses, it was considered that the difference
should be at least 1 correct answer of the 14 to be mean-
ingful clinically. Such difference was detected in drug
management and drug dose calculations, but not in
pharmacology, the most theoretical discipline. The know-
ledge profile was the same in both groups, and, somewhat
surprising, drug management was the weakest discipline.

Pharmacology

A basic knowledge of pharmacological principles is re-
quired to make proper drug management decisions and to
be able to educate patients about their medication [20].
Other studies confirm an insufficient knowledge among
nurses in pharmacology, and the need for more targeted
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Table 3 High risk of error estimated from medication education [10,16,20-23]. In our study, both nurses and stu-
knowledge and certainty evaluation - totally, for each dents scored low in the topic administration forms and ge-
discipline and topic nerics, and 1 out of 4 revealed a high risk of error. This

Proportion of questions with high  finding is alarming, since the nurses have an independent
risk of error responsibility for distributing the drugs, and to teach the

Students  Nurses P-value patients how to use their medication right.

(n=243)  (n=203) It is common that nurses teach pharmacology in the
Total (42)” 15.6% 14.9% 0.46 bachelor nursing studies. It has been perceived too ad-
Pharmacology (14) 11.2% 11.1% 0.98 vanced when physicians or pharmacists have been teaching.
- General 3) 59% 5 4% 068 In an English survey in 52 university nursing departments,
 Effect (3) 379 5 8% 038 it was reported that the lecturers got no training in the

teaching of pharmacology at 88% of the institutions [24].

- Side effects/interactions (4) 7:9% 8% 066 Pharmacists should be involved in the planning of the
- Administration form/generics (4) 24.0% 23.8% 0.99 pharmacology teaching, especially in pharmacokinetics and
Drug management 26.6% 26.4% 0.87 drug formulations.
- Responsibility (2) 36.4% 24.9% 0.001 The time allocated for basic teaching in pharmacology
- Storage (4) 208% 273% 039 seems not to be in accordance with the time that nurses
 Dispensing (@ 15.0% 243% 0,001 spend W‘lth medication tasks, which is stated up to 40%
of the time [25]. Both teachers and students agree on
- Distribution (4 300% 284% 043 the need for addressing pharmacological issues through-
Drug dose calculations (14) 9.1% 7.2% 0.005 out the study, not just the first year.
- Units (7) 10.8% 10.2% 030 Insufficient understanding of the basic pharmacology
- Dose-amount-strength (4) 8.4% 3.49% <0.001 may have further implications. Advanced pharmacology is
 Dilution/infusion (3) 550 48% 038 essential for the understanding of the treatment of severely
MannoWhithey U-test ill patients. During the postgraduate nursing specialization,
The results are given as percent of the total number of answers where the the basic principles are assumed known, and knOWInge
participants were certain that an incorrect answer was correct. deficiencies could lead to a higher risk for the most vulner-

)= ber of ions. . . . .
()= number of questions able patients [26]. This result underlines the importance of

pharmacology as a core subject for continuously teaching
and training during the bachelor study in nursing.
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Table 4 Knowledge - association between high medication knowledge, totally and for each discipline, and the participants’ background characteristics

Total Pharmacology Drug management Drug dose calculations

B (95% ClI) P-value B (95% ClI) P-value B (95% Cl) P-value B (95% Cl) P-value
Study group (student — > nurse) 8.05 (5.86:10.24) <0.001 532 (2.22:641) 0.001 10.87 (7.32:14.42) <0.001 5387 (1.58:10.16) 0.007
Age (years) —-0.02 (-0.11:0.07) 0.69 —0.09 (-0.22:0.03) 0.15 0.08 (-0.05:0.22) 0.22 —0.04 (-0.20:0.11) 0.59
Gender (men->women) - 2.76 (=5.25:-0.28) 0.03 —0.57 (-4.08:2.95) 0.75 —1.68 (-39:2.04) 038 —5.79 (=10.06:-1.51) 0.008
Childhood outside Norway —3.53 (-6.64:-042) 0.03 —-5.39 (9.79-0.98) 0.02 —140 (-6.05:3.24) 0.55 —4.86 (-10.24:0.53) 0.08
Maths beyond 1 year uss” 048 (-1.04:2.01) 0.53 —1.40 (-3.56:0.76) 043 0.80 (-0.48:3.08) 049 2.00(-0.61:4.62) 0.13
Other education prior to nurse —0.10 (-1.64:143) 0.90 0.88 (—1.30:3.05) 0.20 0.50 (-1.80:2.80) 067 —1.88(-4.52:0.77) 0.16
Part time job *) *) %) %)
Sense of Copingz) -0.16 (—3.18:2.86) 0.92 2.84 (=143:7.11) 0.19 0.09 (—4.43:4.60) 0.97 —3.13 (-8.32:2.05) 0.24
Sense of wellbeing/self esteem?® —0.82 (-3.61:1.96) 0.56 —2.24 (-6.18:1.71) 0.27 -1.13 (-5.29:3.04) 0.60 1.11(=3.67:5.89) 0.65
Frequency of medication tasks? *) *)
Dispensing )
Distribution —1.30(-2.79.0.18) 0.09 - -
Drug dose calculations - - 2.59 (1.07:4.11) 0.001
R-square change 0.20 0.05 0.18 0.15

Standard linear regression.

*)Omitted; correlation with study group >0.7 [19].

YUpper secondary school.

2General Health Questionnaire (GHQ) score 0-3, 0 = better than usual, 1 =as usual, 2 =worse than usual, 3 = much worse than usual.
FFrequency: 0= less than monthly, 1=monthly, 2 = Weekly, 3 = every working day.
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Table 5 High risk of error - association between the number of incorrect answers which the participants were certain were correct, totally and for each discipline,
and the participants’ background characteristics and knowledge

Total Pharmacology Drug management Drug dose calculations

B (95% Cl) P-value B (95% Cl) P-value B (95% Cl) P-value B (95% Cl) P-value
Study group (student - > nurse) 0.80 (-0.19: 1.79) 0.1 0.14 (-0.17: 0.46) 037 0.28 (-0.40: 0.97) 041 0.07 (-0.32: 047) 0.71
Age (years) 0.005 (—0.03: 0.04) 0.79 <-0.01(=0.02:0.01) 042 0.01 (-=0.01: 0.04) 0.34 <0.01 (=0.01: 0.02) 044
Gender (men- > women) —-0.99 (-2.06: 0.08) 0.07 —0.35 (-0.71:0.001) 0.05 -042 (-1.11: 0.27) 023 —0.12 (-0.51: 0.27) 0.55
Childhood outside Norway 1.87 (0.53: 3.20) 0.006 046 (0.01: 0.90) 0.04 1.11 (0.26: 1.96) 0.01 0.33 (-0.16: 0.82) 0.18
Maths beyond 1 year uss” -047 (-1.12:0.19) 0.16 —0.19 (-041: 0.03) 0.09 —0.24 (-0.66: 0.18) 0.26 —0.03 (-0.26: 0.21) 083
Other education prior to nurse 0.31 (-0.35:0.97) 035 0.15 (-0.07: 0.37) 0.19 <0.01 (—043:042) 0.98 0.16 (—0.08: 041) 0.18
Part time job *) *) *) *)
Sense of COpiﬂgS) —1.66 (-2.98:-0.33) 0.01 —0.36 (-0.80: 0.08) 0.1 —1.14 (-1.99:-:0.29) 0.01 —0.07 (-0.55: 042) 0.78
Sense of wellbeing/self esteem? 0.59 (-0.61: 1.80) 033 023 (-0.17: 063) 025 032 (-046: 0.10) 042 0.07 (-0.45: 043) 0.96
Knowledge - total -0.15 (-=0.19:-0.11) <0.001 - - - - -
Pharmacology - —0.03 (-0.04:-0.02) <0.001 - - - -
Drug management - - —0.07 (—0.09:-0.06) <0.001 - -
Drug dose calculations - - - - —0.03 (—0.04:-0.03) <0.001
Frequency of medication tasks” *) *) - - - -
Dispensing *) - -
Distribution 0.12 (-=0.16: 0.39) 041 - -
Drug dose calculations - - 0.15 (0.02:0.29) 0.03
R square change 0.15 0.13 0.17 0.14

Standard linear regression.

*)Omitted; correlation with study group >0.7 [19].

YUpper secondary school.

PGeneral Health Questionnaire (GHQ) score 0-3, 0 = better than usual, 1 =as usual, 2 = worse than usual, 3 = much worse than usual.
3Frequency: 0 =less than monthly, 1= monthly, 2 = Weekly, 3 = every working day.
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Drug management
The participants showed the weakest knowledge and
highest mean risk of error in the discipline of drug man-
agement. This result was considered worrying because
the nurses frequently have full responsibility for the storage,
preparation and distribution tasks, and more than 25% of
the answers implied a high risk of error. This was quite
similar to what others have found. In a german study test-
ing a classification model for preventing medication hand-
ling errors, 30.9% of the observed errors by experienced
nurses were classified as high risk, and in a french study
they found a 15% error rate in medication administration,
and about 1/3™ were classified as high risk [11,27].
Insufficient knowledge in drug management does not
automatically lead to patient harm; it depends on the actual
drug and the patient. The medication tasks are tightly inte-
grated with other nursing tasks and mutually affected by
these. A study of risk areas for managing IV drugs con-
cluded that approximately 1/3 of the high risk errors were
knowledge-based errors: hygiene; infusion time; incompati-
bilities; visual inspection; prescribing information; shelf life;
labeling; and solution for infusion [11]. Besides the lack of
knowledge that was demonstrated in the present study,
other factors which may cause errors are routine failure,
insufficient practical skills, or an accidental happening [3].
A consequence of the finding of insufficient drug man-
agement knowledge and high risk of error should be a
more thorough cooperation between the teaching and
training at the university colleges and the practice field.
Inclusion of problem-based learning and high fidelity
simulation training may be a contribution to improving
the students’ ability to understand what it takes to fulfil
the “five Rights” of medication management [15,28]. A
lack of preparation in critical thinking is also stated as a
challenge by new graduate nurses from a study of the
development of professional self-concept in USA [29].

Drug dose calculations

Many nursing students have negative experiences with a
drug dose calculation test early in the study. A positive
finding was, therefore, that the knowledge among the
registered nurses was significantly better than among the
students and the proportion with high risk of error signifi-
cantly smaller. A reason for concern, however, was that
conversions of units was the weakest topic among the
nurses, which illustrate that there is a need to improve the
conceptual understanding of the dose unit expressions.
Drug dose calculation problems have been debated for
years and investigated by many researchers [30-35]. The
reason for this is probably due to the direct implication for
patient harm [36]. An incorrect calculation means giving a
wrong dose, and it can be random how potent the drug
is. In several countries, students must complete a test in
drug dose calculations before getting their graduation. In
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Norway, the test must be flawless and passed before the
nurses’ first practice period. Wright has shown that stu-
dents who receive repeated teaching throughout the study
has shown better results than those who have not [37]. We
have tested the students during their last term, and have
thus been able to show what is maintained of the know-
ledge two years after the mandatory calculation test.

Risk of error

We have introduced a new measure of risk of error. A
lower risk of error among the nurses was a result of a
combination of knowledge and certainty scores. It is dif-
ficult to transfer such a computed risk of error to clinical
practice. We regarded a high risk situation in real life
when the participants answered a question incorrectly
and were certain it was correct, as the answer “very cer-
tain” or “relatively certain” implied that the respondent
would not consult others. The nurses stated higher cer-
tainty in their answers, and this corresponded closely
with the result that they also expressed a higher degree
of coping in medication management tasks.

In a review article by Killam et al., knowledge and skill
incompetence was highlighted as one of the characteris-
tics of students at risk for unsafe nursing [38]. Another
risk factor was overconfidence, which may correspond
to our finding that the students expressed better self-
esteem and well-being than the nurses.

The nurses’ higher medication knowledge seemed to
have developed during the first year of practice, with no
further improvement. The “reality shock” is often used as
a term for the transition from supervised student to an
assumingly independent registered nurse. An Australian
study by Newton and McKenna describes the develop-
ment of the nurses’ knowledge and skills during the first
year after graduation [39]. From “gliding through” during
the studies, they go through four stages when they meet
reality of working life: “surviving”, “beginning to under-
stand”, “sheltering under the umbrella” where they gain
more confidence, to “knowing how to” after 11-12 months.
This supports the development also seen in our study.

Participant characteristics

The differences between the two groups in age, percent-
age part time job and frequency of medication tasks
were as expected. Somewhat surprising was that the
nurses on average performed management tasks less
than every week. One explanation may be the organising
of nurses in working teams, with the allocation of differ-
ent tasks within the team. Another explanation is the
use of multi-dose packages, prepared for either one or
two weeks at the time, either by a pharmacy or at the
ward. In community health care, auxiliary nurses or as-
sistants with specialized training and certification ad-
minister prepared drugs to the patients. Students are not
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allowed to carry out medication management tasks on
their own, but gets progressively responsible for the dis-
tribution of medicines in line with what assistants do
after specific training.

Regarding the differences in assessment of coping and
wellbeing and self-esteem, it seems reasonable that
nurses indicate a higher degree of coping associated with
medication tasks since the students still carries out these
tasks under supervision. Likewise, a higher assessment
of selfesteem and well-being among the students may be
because they do not experience the same responsibility
at work as the nurses.

In the regression analysis, growing up outside Norway
was associated with lower knowledge and higher risk of
errors. This result must be interpreted with some cau-
tion as childhood was not defined by age or length of
stay in Norway. Any differences in background culture
or language may have raised misunderstandings about
the test questions themselves, but it could not be ruled
out that language misinterpretations also may be the
case in clinical practice.

Students follow the most experienced nurses in place-
ment periods at hospitals. They are not allowed to take re-
sponsibility for the medication tasks, and are dependent of
instructions. Students are fully aware of their role and need
for supervision. Lack of basic knowledge among nurses
may thus be transferred to the students [40].

Limitations

The participants constituted an unequal proportion of
the total population of students and nurses: 47% of the
3" year student population and 8% of the total nursing
population was included in the study. This may have an
impact on the representativeness or external validity of
the results. Based on an assumption that nurses with
weak knowledge hesitate to register for such a study, it
is likely that the results of the student group is more
representative than of the nurse group, and that the dif-
ference between students and nurses may be even less
than the study shows.

Another limitation could be the questionnaire itself,
which was not a validated instrument, but developed for
the study. The topics and questions were selected from
the essential curriculum in the nurse education framework,
and were in accordance with what other investigators have
described in similar tests that they have constructed
[21,41]. Since our test results are consistent with what
others have found, with the same conclusion that there is a
need to improve the knowledge in pharmacology and drug
management, this limitation is probably not crucial [20].

The study was performed some years ago. However,
there has been no change in the legislation of the Na-
tional curriculum for nursing education or the post-
registration training [42].
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Conclusions

This study demonstrated that the medication knowledge
among practising nurses was superior to that of the
graduating nursing students, and the risk of error was
lower. Nevertheless, even experienced nurses have insuf-
ficient skills to ensure safe medication for the patients.
The results indicate that the nurses develop their medi-
cation knowledge only during the first year of practice.
This study suggest a need to put more emphasis on
medication in the bachelor nursing study, and to
strengthen the on-the-job-training in medication proce-
dures and pharmacological aspects beyond the first year
of nursing practice.
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