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The Art and Science of Infusion Nursing

     Medication in hospitals of developed countries 
is often administered by an infusion pump. 
Estimations suggest that about 85% to 90% of 
all patients admitted to a hospital receive intra-

venous (IV) therapy by means of such pumps. 1  ,  2  Because 

infusion pumps are frequently used to administer critical 
fluids, infusion pump-related adverse events can have 
significant consequences for patient safety. An observa-
tional study in the United States by Schnock et al 3  showed 
a 60% error rate associated with medication administered 

 ABSTRACT 
  To decrease infusion pump administration errors, time-consuming training is often initiated. The aims of this study 
were twofold: to develop minimum competency requirements for programming and operation of infusion pumps 
and to develop and validate a test for nurses based on those requirements. The test was completed by 226 nurses 
between May and December 2017. This study demonstrates that testing is a promising method to assess the com-
petency of nurses in using medical devices. Moreover, test acceptability among nurses is high. Using competency 
requirements to develop a test offers the potential to tailor training needs and reduce training time.  
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through infusion pumps. Another study in the Netherlands 
showed that about 13% of adverse medical device events 
are caused by infusion pumps.1,4 Additionally, a study by 
Taxis and Barber5 showed that at least 1 error occurred in 
49% of IV medication doses. Although exact numbers are 
unknown, adverse events with infusion pumps are most 
likely a combination of device failure and human factors.6 
A study by Björkstén et al identified human factors that 
contributed in 95% of medication-related errors, the most 
common factors being “negligence, forgetfulness or lack of 
attentiveness,” “proper protocol not followed,” and “lack of 
knowledge.”6(p5) For medical devices, like infusion pumps, 
errors are often caused by human–technology interaction.7

To reduce errors in using medical devices, training of 
all health care staff is often initiated.8,9 Training could 
also help improve the competency of nurses to work with 
infusion pumps. Reviews of the literature illustrate that 
training improves knowledge and skills of nurses10-12 and 
influences clinical outcomes, such as infection rates.13,14 
Although training could reduce the numbers of errors, it 
is resource intensive in an environment with an increasing 
number of medical devices, while less time is available for 
training.15 Moreover, mandatory training programs may 
lack relevance to the specific needs of nurses and might not 
result in improved practice.16 Whether a training is relevant 
depends on the competency of the individual nurse. If valid 
and reliable, a competency test could be used to assess 
competency and to tailor training needs.17,18 It also has 
the advantages of the “testing effect,” which is improved 
long-term retention of knowledge after taking a test.19 A 
national competency test for the use of infusion pumps is 
currently not available in the Netherlands.

Competency is defined as a complex combination of 
knowledge, performance, skills, values, and attitudes.20 
According to Miller’s pyramid of competency, the first 
step in competency is “knows,” followed by “knows how,” 
“shows how,” and “does.”21(p1) The evaluation of knowledge 
is particularly done by objective, reliable test methods, 
whereas the assessment of skills is done with less objective 
methods.21 This study focuses on assessing knowledge, the 
first and second steps of the Miller’s pyramid. To assess 
nurses’ knowledge of infusion pumps, the competency 
requirements of working with infusion pumps should be 
known.22 The aims of this study were to develop minimum 
competency requirements for using infusion pumps and to 
develop and validate a competency test for using infusion 
pumps based on those competency requirements. The 
research considered the following question: what is the 
acceptability and the ability to differentiate competency of 
an infusion pump competency test for nurses?

METHODS

Competency Requirements
The minimum competency requirements were developed based 
on literature and expert opinion of infusion pump experts.

Participants in Expert Group
The infusion pump expert group consisted of 5 experts: 3 
nurses, 1 clinical physicist, and 1 training and testing expert. 
The nurses were all selected by the Dutch Association of 
Nurses and Carers. Two nurses worked in a general hospital 
and were experienced in the use of infusion pumps, and 
the other nurse worked on a specialized home care infu-
sion pump nursing team. The clinical physicist worked in an 
academic hospital with a focus on the safe use of infusion 
pumps. The meetings were led by 2 researchers.

Development of Competency Requirements
The development of competency requirements was based 
on cognitive task analysis, which has 5 common steps: (1) 
collect primary knowledge, (2) identify knowledge repre-
sentations, (3) apply focused knowledge elicitation meth-
ods, (4) analyze and verify data acquired, and (5) format 
results for the intended application.23

In the first step, international literature and guidelines 
were collected to identify existing competency require-
ments, procedures, and areas of risk. An overview of 
knowledge and skills necessary for the safe application of 
infusion pumps was provided by one of the researchers. 
This was followed by a meeting with the expert group 
for additional input. In the second step, the expert group 
discussed and identified minimum knowledge and skills 
requirements for safe application of infusion pumps. In the 
third step, a researcher drafted a concept version of the 
levels of complexity of the competency requirements based 
on Bloom’s taxonomy.24 Only the first 3 levels of complexity 
(remembering, understanding, and applying) were used 
for the competency requirements. Action words such as 
name, explain, and demonstrate corresponding with the 
respective levels of complexity were used to describe the 
competency requirements. In the fourth step, a second 
expert group meeting was held for verification, refinement, 
and revision of the concept competency requirements. 
Additionally, the competency requirements were sent to 
the scientific associations of nurses and clinical physicists 
for feedback and approval. One researcher adjusted the 
concept version. The final competency requirements were 
sent to all experts for approval. In the fifth and final step, 
the knowledge competency requirements were used to 
develop the competency test.

COMPETENCY TEST

Development
The competency requirements were used as a basis for the 
competency test, which was an online test provided by a 
Dutch commercial publisher that specialized in the develop-
ment of e-learning and online tests. The expert group was 
asked to prioritize the competency requirements as low, 
medium, or high priority. The average priority of the dif-
ferent experts was taken as the priority of the competency 
requirement. Requirements with the highest priority were 
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represented in 3 questions, the medium priority in 2 ques-
tions, and the lowest priority in 1 question. Competency 
requirements from the third level of complexity (applying) 
were excluded from the competency test because such 
requirements can be examined only in a practical examina-
tion. Competency requirements that were applicable only 
for specific hospitals or types of infusion pumps also were 
excluded from the competency test. Questions were based 
on international literature and protocols. When possible, 
existing questions from the publisher were used; if not pos-
sible, new questions were developed. Exam questions were 
developed by an educational measurement specialist and 
a text editor. Questions were multiple choice, true/false, 
matching, or pointing. All of the questions were reviewed 
by the expert group via email and, when necessary, dis-
cussed and adapted.

Participants
Three groups of nurses were invited to complete the com-
petency test: experienced nurses (with more than 10 years 
of experience), less experienced nurses (with less than 
5 years of experience), and nursing students with no expe-
rience. Between May and December 2017, nurses were 
invited to participate through hospitals, social media (eg, 
LinkedIn, Facebook, and Twitter), and a magazine for nurs-
es. A flyer containing information about the research and 
the inclusion criteria was disseminated. Inclusion criteria 
were the following: nurses working in a hospital with infu-
sion pumps, with less than 5 or more than 10 years of expe-
rience. Nurses were excluded from participation if they had 
between 5 and 10 years of experience. Nurses could send 
an email to one of the researchers to participate. Included 
nurses received an email with login credentials and a link 
to the online test. Nursing students were second-year 
students from a university of applied science. Students 
were asked via email to participate in a lecture on patient 
safety, including the competency test. There is no gold stan-
dard for the number of participants required to use item 
response theory; advised is at least 100 participants.25 Our 
aim was 100 participants in each group to take all questions 
into account. When each group reached at least 50 partic-
ipants, the analysis was performed by selecting the most 
discriminative questions as explained below.

All of the participants answered the same questions but 
in a random order to prevent (answers of) questions from 
influencing the answer of other questions. Before the test 
started, the demographics of the participants were request-
ed. Participants were also asked the extent to which they 
agreed to the statement: “I am competent to work with an 
infusion pump.” Two additional statements were presented 
after the nurses completed the competency test. The first 
statement was: “A nurse should pass this exam before he/
she is allowed to work with an infusion pump.” The second 
statement was: “Health care will become safer if a nurse 
must pass this exam before he/she is allowed to work with 
an infusion pump.” All statements could be answered on a 

5-point Likert scale (strongly disagree to strongly agree) and 
were used to examine the acceptability of the competency 
test.

Psychometric Characteristics and Validation
Classical test theory (CTT) and item response theory (IRT) 
were used to determine the characteristics of the ques-
tions and to validate the competency test. CTT was used 
to describe features of all questions and to select the 
most informative questions for further analysis with IRT, as 
explained in more detail below. CTT is based on the idea 
that a person’s score is the sum of the correct answered 
questions. IRT takes into account the difficulty of questions 
when calculating test scores and might therefore be more 
valid and provide more information to test takers and 
institutions. Analysis was done with SPSS 22 (IBM Corp, 
Armonk, NY) for descriptives and CTT, R 3.4.2, and R studio 
3.4.2 (R Studio, Boston, MA) for IRT. The R-packages mirt, 
ltm, psych, lavaan, qgraph, igraph, and ega were used 
during analysis.

Classical Test Theory
With CTT we calculated different parameters for the ques-
tionnaire and individual questions. Cronbach’s α is calculat-
ed as an estimate of the reliability of the test as a whole. 
For the individual questions, P and Rit-values were calcu-
lated. The P value represents the share of candidates who 
answered the question correctly. The Rit-value reflects the 
performance of the question versus the test as a whole. It 
tells us to what extent a question contributes to the dis-
crimination of the level of performance. P and Rit-values 
were used to select the most informative questions of the 
exam for further analysis. This selection was necessary 
because of the large number of questions compared with 
the number of participants. To contain content validity for 
each competency requirement, the most informative ques-
tion was selected, except for competency requirements 
with the lowest priority. For this category only questions 
with a P value between .3 and .8 and a Rit-value above 0.3 
were selected. For the high and medium priority competen-
cy requirements, the questions with the highest Rit-value 
and a P value between .3 and .8 were selected. When such 
a question was not available, a question with P and Rit-
values closest to those values was selected.

Model Assessment Item Response Theory
Before IRT was done, data were explored with principal com-
ponent analysis, and the Kaiser–Meyer–Olkin measure was 
calculated to ensure sample adequacy. Several parameters 
can be assessed in IRT. The θ-parameter is a parameter for 
question discrimination. This parameter indicates how well 
the question discriminates between knowledgeable and 
less-knowledgeable participants. The β-parameter is known 
as the difficulty parameter. It corresponds with the knowl-
edge level at which the probability of answering the ques-
tion correctly is the same as the probability of answering 
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the question incorrectly. The c-parameter, or guessing 
factor, describes the probability that a respondent with no 
knowledge will answer the question correctly.26 Parameters 
can be estimated, depending on the chosen model. Three 
models were compared: a 1-parameter (Rasch model, only 
θ-parameter), a 2-parameter (2-PL model, θ- and β-param-
eters) and a 3-parameter (3-PL model, θ-, β- and c-parame-
ters) model. The 3 models were compared applying a likeli-
hood-ratio test and comparing the differences in the Akaike 
information criterion (AIC). The AIC estimates the quality 
of each model relative to each of the other models. Lower 
AIC values indicate a better-fitting model. We calculated the 
root mean square error of approximation (RMSEA) and the 
comparative fit index (CFI) to examine whether the model 
had a good fit. Literature has shown that, for adequate fit, 
the criteria for RMSEA is <0.05 and for CFI ≥0.95.27

Validation
The scores of participants in IRT are represented by the 
θ-parameter. This reflects the difficulty of the questions 
(θ) that a participant answers correctly. After the normal 
distribution of the group scores was assessed, the mean 
and standard deviation for each group were calculated. 
One-way ANOVA tests were used to see whether groups of 
participants had different knowledge levels.

RESULTS

Competency Requirements
The development of competency requirements for infusion 
pump use resulted in a list of 64 requirements,28 which 
were distributed among 3 categories of priority: high, medi-
um, and low. From this list, 23 requirements were used to 
develop the knowledge test. Forty-one requirements were 
not included in the knowledge test because those require-
ments represented a skill or were hospital or infusion pump 
specific (Table 1). One requirement (2.4) was excluded after 
the test started because the question was not clear.

COMPETENCY TEST

Participants
Of the 316 nurses and nursing students who indicated 
they wanted to participate, 226 (70.8%) completed the 
competency test. The competency test was completed by 
75 nursing students, 62 nurses with 0 to 5 years of experi-
ence, and 89 nurses with more than 10 years of experience. 
Demographics of the participants can be found in Table 2. 
Most participants were female (89.4%), under 25 years 
of age (43.4%), and worked in a general hospital (36.7%). 
Participants could indicate on a 5-point Likert scale wheth-
er they think they are competent to work with an infusion 
pump. Students were less competent than nurses with 0 to 
5 years of experience (P < .001) and nurses with more than 

10 years of experience (P = .002). There was no difference 
between the self-declared competency of nurses with less 
than 5 or more than 10 years of experience (P = .51). Most 
nurses and nursing students agreed that a nurse should 
pass this exam before working with an infusion pump and 
that health care will become safer if a nurse must pass this 
exam before he or she is allowed to work with an infusion 
pump. There were no significant differences for these state-
ments between groups.

Psychometric Characteristics and Validation
P values varied between .19 and .99 and Rit-values between 
0.03 and 0.66 (Table 3). P and Rit-values were used to 
select the most informative questions of the exam for fur-
ther analysis. For high- and medium-priority questions, 1 
question for each competency requirement was selected 
based on the highest Rit-value and a P value between .3 
and .8. For low priority questions, only questions with a 
P value between .3 and .8 and a Rit-value above 0.3 were 
selected. This resulted in a total of 20 questions for IRT 
analysis. The Cronbach’s α for the whole competency 
test was 0.692 (95% CI, 0.632–0.747), which indicates a 
questionable internal consistency. The Cronbach’s α of the 
20 selected questions was 0.755 (95% CI, 0.706–0.799), 
which represents an acceptable internal consistency. The 
principal component analysis on the 20 questions in the 
sample of 226 participants showed one principal compo-
nent. The Kaiser–Meyer–Olkin measure was 0.79, which 
demonstrated sample adequacy for the analysis. After the 
exploration of the data, the best-fitting model for the data 
was assessed. The 2-PL model demonstrated a significantly 
better fit (P < .001) than the Rasch model. The 3-PL model 
demonstrated no significantly better fit than the 2-PL 
model (P = .34) and had a higher AIC, so the 2-PL model 
was selected. For the 2-PL model the RMSEA was 0.034 
(95% CI, 0.017–0.047), and the CFI was 0.954, which indi-
cated a good fit of the model.

Test Results
Table 4 shows the mean scores of the 3 different groups 
when using 2 different methods to calculate test scores: CTT 
(20 selected questions) and IRT (20 selected questions). The 
P values, Rit-values, θ-parameters, and β-parameters for 
the different questions are shown in Table 3 The CTT scores 
were significantly different among the different groups (P < 
.001). Moreover, the IRT scores were significantly different 
among the groups (P < .001). Figure 1 represents the preci-
sion (information) and standard error with which the ability 
of a person can be estimated. This ability is estimated with 
most precision when the θ-parameter is around –1.

DISCUSSION

The results of the test indicate that different levels of knowl-
edge can be distinguished with the developed infusion 
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TABLE 1

Competency Requirements With the Corresponding Priority Within in the 
Exam or the Reason of Exclusion for the Exam
No. Requirement Category

Basis

1.1 The nurse can name what the indications are for the use of an infusion pump. Low priority

1.2 The nurse can name where information about the infusion pump can be found or where this can 
be retrieved. Low priority

1.3 The nurse can name which infusion pump is suitable for which application (eg, for the administra-
tion of medication/blood). Low priority

1.4 The nurse can name what the risks are of different administration routes. High priority

1.5 The nurse can name globally what is in the various protocols. Hospital dependent

1.6 The nurse can calculate the correct concentration and administration speed for a drug/fluid. Already examined in 
Dutch hospitals

1.7 The nurse can explain the functionalities of the infusion pump. Pump dependent

Preparation

2.1 The nurse can explain the instructions of the doctor. Skill

2.2 The nurse can reason what the correct treatment is based on the instructions of the doctor. Medium priority

2.3 The nurse can explain how medication has to be made and checked. High priority

2.4 The nurse can name how it can be checked whether medicines may be administered together via 
1 infusion line. Low priority

2.5 The nurse can explain how to work in an aseptic manner. Medium priority

2.6 The nurse can name which equipment belongs with which infusion pump. Pump dependent

2.7 The nurse can name which equipment is suitable for which medication/fluids. Pump/hospital dependent

2.8 The nurse can name which equipment is required in order to be able to connect an infusion pump 
correctly. Pump dependent

2.9 The nurse can name whether non-return valves have to be used. Medium priority

2.10 The nurse can demonstrate how the infusion pump has to be attached. Pump dependent/skill

2.11 The nurse can demonstrate how the infusion system has to be filled. Pump dependent/skill

Usage

3.1 The nurse can demonstrate how one must work following the protocol. Hospital dependent/skill

3.2 The nurse can explain whether the needle and system are still in a good position or when it has to 
be checked. Medium priority

3.3 The nurse can demonstrate how the needle and system are still in a good position or when it has 
to be checked. Skill

3.4 The nurse can explain the correct program to setup the infusion pump. Pump dependent

3.5 The nurse can name the use for each button on the infusion pump. Pump dependent

3.6 The nurse can demonstrate how the infusion pump has to be set. Pump dependent/skill

3.7 The nurse can demonstrate how adjustments have to be made to the infusion pump. Pump dependent/skill

3.8 The nurse can explain why the infusion pump settings have to be double-checked. High priority

3.9 The nurse can demonstrate how an extra drug has to be connected. Pump dependent/skill

3.10 The nurse can name what the effects can be when several fluids are administered via one infusion 
line (multi-infusion).

No priority (high similarity 
to 3.12, 3.13 and 3.14)

3.11 The nurse can demonstrate which line/infusion pump belongs to which medication/fluid and how 
this can be checked. Skill

3.12
The nurse can explain that, when several drugs are running through 1 infusion line, the concentra-
tion ratio of the drugs in the line is the result of the settings from the infusion pumps which are 
connected to the same line.

Medium priority

(continues)
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TABLE 1

Competency Requirements with the Corresponding Priority Within in the 
Exam or the Reason of Exclusion for the Exam (Continued)
No. Requirement Category

3.13
The nurse can explain that, when several drugs are running through 1 infusion line, in the case 
that an infusion pump setting changes it will take some time before the right concentration ratio 
of medication is given to the patient

Medium priority

3.14 The nurse can explain that when several drugs run through 1 infusion line a temporary dosing 
error can occur at infusion pumps which are not modified. High priority

3.15 The nurse can explain the consequences of rinsing or not rinsing the infusion line. Medium priority

3.16 The nurse can demonstrate how free-flow can be prevented. Medium priority

Alarms

4.1 The nurse can explain what all the alarms mean. Pump dependent

4.2 The nurse can demonstrate how to handle the situation when there is an alarm. High priority

4.3 The nurse can demonstrate what has to be done in the case of an occlusion. High priority

4.4 The nurse can name the dangers of occlusion. No priority (high similarity 
to 4.3)

4.5 The nurse can name which alarm settings the health professional can or cannot modify 
themselves. Pump/hospital dependent

4.6 The nurse can name when the alarm settings may be adjusted. Pump/hospital dependent

4.7 The nurse can demonstrate how the alarm settings can be adjusted. Pump dependent

4.8 The nurse can demonstrate how the alarm settings can be checked. Pump dependent

4.9 The nurse can explain what the alarm settings are and why these are the settings. Hospital dependent

4.10 The nurse can name that there are different types of alarm settings and that these settings vary 
between departments. Low priority

4.11 The nurse can name what the consequences are when the alarm settings are adjusted. High priority

After use

5.1 The nurse can demonstrate how the infusion has to be rinsed through. Pump dependent/skill

5.2 The nurse can demonstrate how the infusion pump has to be disconnected. Pump dependent/skill

5.3 The nurse can demonstrate how the infusion pump has to be cleaned. Pump dependent/skill

5.4 The nurse can demonstrate how the infusion pump has to be stored. Pump/hospital 
dependent/skill

Transport/transfer/mobility

6.1 The nurse can demonstrate how one should handle a patient who has come from outside the hos-
pital and who has an infusion pump. Hospital dependent/skill

6.2 The nurse can demonstrate how a patient with an infusion pump can be transported safely. Skill

6.3 The nurse can demonstrate how a patient with an infusion pump has to be prepared for diagnostic 
tests. Low priority

6.4 The nurse can demonstrate how a patient with an infusion pump must be transferred when being 
moved to another department/another hospital. Hospital dependent/skill

6.5 The nurse can explain to the patient how to be mobile with an infusion pump. Pump dependent

Power supply

7.1 The nurse can explain how the infusion pump is provided with power. Low priority

7.2 The nurse can demonstrate how to handle the battery of an infusion pump. Pump dependent/skill

7.3 The nurse can demonstrate how the infusion pump has to be charged. Pump dependent/skill

7.4 The nurse can demonstrate which wall socket has to be used. Hospital dependent/skill

7.5 The nurse can explain how to recognize when the infusion pump battery is about to run down. Pump dependent

7.6 The nurse can name what has to be done in the event of a power failure. Pump/hospital dependent

(continues)
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TABLE 1

Competency Requirements with the Corresponding Priority Within in the 
Exam or the Reason of Exclusion for the Exam (Continued)
No. Requirement Category

7.7 The nurse can discuss why the plug has to be disconnected on the side of the wall socket and not 
on the side of the infusion pump. No scientific proof

Malfunction

8.1 The nurse can demonstrate whether an infusion pump is functioning well or when it needs to be 
checked. Pump dependent/skill

8.2 The nurse can recognize when there is a problem with the pump. Pump dependent

8.3 The nurse can name what must be done if the infusion pump is not functioning well or if there is 
doubt concerning this. Pump/hospital dependent

TABLE 2

Demographics and Mean Scores and Agreement to Statements About 
Competency and the Competency Exam (n = 226)

Studenta
0–5 years of 
experience

10+ years of 
experience Total

Number of participants 75 62 89 226

Female, n (%) 73 (97) 51 (82) 78 (88) 202 (89)

Age, n (%), y

Under 25 67 (89) 31 (50) 0 98 (43)

25–34 4 (5.3) 30 (48) 7 (8) 41 (18)

35–44 3 (4.0) 1 (2) 27 (30) 31 (14)

45–54 1 (1.3) 0 33 (37) 34 (15)

55 or older 0 0 22 (25) 22 (10)

Years of experience, n (%)

0–1 years 42 (56) 7 (11) - 49 (22)

1–2 years 26 (35)b 13 (21) - 39 (17)

2–5 years 7 (9)b 42 (68) - 49 (212)

10–20 years - - 30 (34) 30 (13)

20–30 years - - 30 (34) 30 (13)

30+ years - - 29 (33) 29 (123)

Workplace, n (%)

General hospital - 32 (52) 51 (57) 83 (37)

Tertiary teaching hospital - 16 (26) 22 (25) 38 (17)

University hospital - 14 (23) 16 (18) 30 (13)

Agreement to statement on 1–5 scale (mean, SD)

I am proficient to work with an infusion pump 1.47 (0.70) 4.45 (0.53) 4.39 (0.54) 3.47 (1.47)

A nurse should pass this exam before he/she is allowed to work with an infusion 
pump 4.35 (0.80) 3.61 (0.98) 3.74 (0.91) 3.91 (0.95)

Health care will become safer if a nurse has to pass this exam before he/she is 
allowed to work with an infusion pump 4.21 (0.70) 3.82 (0.84) 3.83 (0.83) 3.96 (0.81)

aAll nursing students were included in the Student group.
bThese nursing students followed dual education (combining work and study).
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TABLE 3

Question Characteristics of the Competency Test

Item Proficiency requirementa

Classical test theory Item response theory

P value Rit-value θ-parameter β- parameter

Priority 1 (high)

1.4 The nurse can name the risks of different administration routes. .52 0.58 2.07 –0.68

.45 0.32 x x

.54 0.49 x x

2.3 The nurse can explain how medication has to be made and checked. .99 0.03 x x

.19 0.26 x x

.86 0.55 1.47 2.45

3.8 The nurse can name why the infusion pump settings have to be double-
checked.

.64 0.05 x x

.85 0.12 x x

.82 0.59 1.54 2.12

3.14 The nurse can explain that when several drugs run through 1 infusion 
line a temporary dosing error can occur at infusion pumps which are not 
modified.

.77 0.10 x x

.82 0.33 0.42 1.56

.46 0.22 x x

4.2 The nurse can demonstrate how to handle the situation when there is an 
alarm.

.65 0.45 0.88 0.75

.21 0.15 x x

.68 0.28 x x

4.3 The nurse can demonstrate what has to be done in the case of an 
occlusion.

.79 0.50 0.74 1.49

.64 0.11 x x

.41 0.15 x x

4.11 The nurse can explain the consequences when the alarm settings are 
adjusted.

.82 0.30 x x

.27 0.22 x x

.52 0.39 0.84 0.10

Priority 2 (medium)

2.2 The nurse can reason what the correct treatment is based on the instruc-
tions of the doctor.

.66 0.36 0.65 0.72

.94 0.32 x x

2.5 The nurse can explain how to work in an aseptic manner. .90 0.54 1.22 2.70

.69 0.24 - x

2.9 The nurse can name whether non-return valves have to be used. .24 0.39 0.89 –1.32

.42 0.11 x x

3.2 The nurse can explain when the needle and system are still in a good 
position or if it has to be checked.

.78 0.57 1.84 2.01

.31 0.05 x x

3.12 The nurse can explain that, when several drugs are running through 1 
infusion line, the concentration ratio of the drugs in the line is the result 
of the settings from the infusion pumps which are connected to the 
same line.

.36 0.28 0.32 –0.60

.92 0.38 x x

3.13 The nurse can explain that, when several drugs are running through one 
infusion line, in the case that an infusion pump setting changes it will 
take some time before the right concentration ratio of medication is 
given to the patient.

.19 0.10 x x

.31 0.32 0.59 –0.86

3.15 The nurse can explain the consequences of rinsing or not rinsing the 
infusion line.

.88 0.24 0.54 2.06

.47 0.13 x x

3.16 The nurse can demonstrate how free-flow can be prevented. .39 0.15 x x

.75 0.66 2.64 2.18

(continues)
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pump competency test. More test questions were answered 
correctly by nurses with more experience. Moreover, when 
the difficulty of questions is considered with IRT, experi-
enced nurses score significantly higher than less experienced 
nurses who score significantly higher than nursing students. 
The test results do not correspond with the same pattern as 
the self-declared competency. Nurses with less experience 
state they are as competent as nurses with more experience. 
The test results, however, demonstrate a significant differ-
ence in the knowledge level of both groups. Regardless of 
their experience, nurses would accept this competency test 
as part of their education. Participants agree that a nurse 
should pass this exam before he or she can work with an infu-
sion pump and that health care will become safer if a nurse 
must pass this exam before working with an infusion pump.

Although nurses and nursing students agree that a 
competency test should be passed before working with 

a device, nursing students agree much more strongly. A 
possible explanation could be that nursing students feel 
more assured after passing a test. A positive test result 
indicates that a nurse has reached a professional stan-
dard.29 Moreover, it could give students and novice nurses 
an easier way of indicating that they are not yet competent. 
Speaking up is important to improve patient safety but is 
negatively influenced by factors like “fear of conflicts” or 
“concerns of appearing incompetent.”30 The obligation to 
pass a competency test could therefore improve the confi-
dence of nurses and the safety of patients.

Another influence on the acceptability of the compe-
tency test could be that nurses think the test needs to be 
improved before a competency decision is made. Although 
the test distinguishes between experience levels, it might 
not be able to provide a reliable pass–fail decision yet. 
To reach a reliable pass–fail decision, additional research 

TABLE 3

Question Characteristics of the Competency Test (Continued)

Item Proficiency requirementa

Classical test theory Item response theory

P value Rit-value θ-parameter β- parameter

Priority 3 (low)

1.1 The nurse can name what the indications are for the use of an infusion 
pump.

.38 0.51 1.43 –0.68

1.2 The nurse can name where information about the infusion pump can be 
found or where this can be retrieved.

.91 0.44 x x

1.3 The nurse can name which infusion pump is suitable for which 
application (eg, administration of medication/blood).

.60 0.40 1.02 0.50

2.4 The nurse can explain whether medicines may be administered together 
via 1 infusion line.

x x x x

4.10 The nurse can explain different types of alarm settings and how these 
settings vary between departments.

.39 0.35 0.45 –0.45

6.3 The nurse can demonstrate how a patient with an infusion pump has to 
be prepared for diagnostic tests.

.53 0.04 x x

7.1 The nurse can explain how the infusion pump is provided with power. .58 0.43 1.02 0.39

7.7 The nurse can discuss why the plug has to be disconnected on the side of 
the wall socket and not on the side of the infusion pump.

.75 0.32 0.75 1.22

aThe questions are categorized following the priority and competency requirements. For the different competency requirements, the values and parameters of 3 questions 
(high priority), 2 questions (medium priority), or 1 question (low priority) are given.

TABLE 4

Exam Scores of Candidates Following the Classical Test Theory and Item 
Response Theory

Exam score

Student 0–5 years of experience 10+ years of experience Total

Mean (SD)

CTT 20 selected questions 8.52 (2.28) 13.98 (2.38) 14.99 (2.34) 12.57 (3.70)

IRT 20 selected questions –0.97 (0.45) 0.27 (0.53) 0.55 (0.52) 0.33 (0.84)

Abbreviations: CTT, classical test theory; IRT, item response theory.
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should compare this test with other methods like skill 
assessment to ensure that the competency is assessed in 
different ways. Few valid and reliable measuring tools are 
currently available to assess medical device competency of 
nurses.31 The lack of measurement tools makes it difficult 
to compare this test with a gold standard. However, the 
aim of the competency test is to assess whether nurses 
achieve professional standards.29 Therefore, the results of 
the competency test should be compared with the profes-
sional standards and skills of nurses to obtain more infor-
mation about the correlation. Furthermore, a multimethod 
approach to determine competency offers a better overall 
estimate of competency.32 When knowledge is compared 
or combined with skills, a pass–fail norm for future use 
could be determined.

The competency test could be used for feedback, as well as 
a pass–fail decision. Effective feedback is important in learn-
ing and helps learners achieve educational goals.33 In our 
test, each question is linked to a competency requirement, 
which makes it possible to link deficiencies in knowledge 
to those requirements. If the test could take into account 
possible incorrect evaluation, it could provide nurses with 
more tailored feedback (eg, by providing more questions for 
areas in which competency is assessed as insufficient). One 
possibility for achieving more feedback is to develop a com-
puterized adaptive test (CAT). A CAT more precisely estimates 
the ability of the test taker after each question and selects 
a next question based on this estimate.34 However, this 
approach would require the development of more questions 
and sophisticated analysis.35 Therefore, CAT might be more 

suitable for larger tests and groups, for example, a national 
competency test before a nurse is allowed to work in prac-
tice. The competency requirements and test developed for 
this study could be a starting point for developing a nation-
wide test of competency of nurses.

Although the competency test can distinguish between 
experience of nurses, this study did not investigate the 
influence on patient safety. There is evidence that training 
has an impact on patient safety, but no studies are known 
about the impact of competency tests on safety.13 Further 
research with the competency requirements and test is 
needed to gain insight into the possible influence on patient 
safety. General opinion indicates that the development of 
such competency tests is desired for patient safety (eg, the 
importance of continuing education has been increasingly 
emphasized in the literature).36 Moreover, a study indicated 
that 89% of the public believes that nurses need to demon-
strate their competence periodically.37

LIMITATIONS

A limitation of this study is the low number of partici-
pants, which restricts the possibility of investigating more 
specific groups or considering more questions with IRT. 
However, the combination of CTT and IRT made it possible 
to select and test the most informative questions, which 
led to a reliable IRT model. These results provide a reason 
to continue and extend research with these competency 
requirements and test. Another limitation of the study was 
that the link to the online test was sent to nurses by email. 
Although we emphasized that the test had no consequenc-
es and was for research purposes only, it is possible that 
nurses discussed questions with colleagues or searched 
for answers. Nevertheless, nurses participated voluntarily 
and individually in this test, decreasing the chance of dis-
cussing questions with colleagues. Moreover, we did not 
obtain extended background information from the nurses. 
This study was exploratory research for a national infusion 
pump competency test that found differences in nurses 
with different years of experience. Further research should 
also focus on differences between specialties, amount of 
use, and the use of different types of infusion pumps.

CONCLUSIONS

The infusion pump competency test is able to distinguish 
among nursing students, nurses with 0 to 5 years of expe-
rience, and nurses with more than 10 years of experience. 
This indicates that the competency test could be used to 
assess competency in practice. Moreover, the competency 
test is well accepted by nursing students and nurses alike. 
They agree that health care will become safer if this test 
must be passed before nurses are allowed to work with 
an infusion pump. Both findings indicate that competency 

Figure 1 Information curve (solid line) and standard error curve 
(dashed line) for the complete test as a function of the abilities.
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testing could be used in daily practice. Tests based on com-
petency requirements make it possible to tailor feedback 
and training to health care staff. Further development and 
research of competency tests could save time to ensure 
nurse competency and could improve patient safety while 
increasing the time available for patient care.
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