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1. Introduction

Nursing documentation accompanies
the nursing process and is an important
part of clinical documentation. The six
phases of the nursing process provide a
systematic methodology for the nursing
practice [1]: 
1. Assessment of relevant patient infor-

mation; 
2. Identification of patient’s problems

and resources; 
3. Identification of nursing care aims; 
4. Planning of nursing intervention

(nursing tasks); 
5. Execution of these tasks; 
6. Evaluation of nursing care. 

In Germany, this nursing process was
included in nursing education in 1985.
A high quality of nursing documentation
is seen as necessary to support patient-
centered nursing care, cooperation in
the health professional team, quality
management, evaluation of nursing 
care, and the fulfillment of legal 

requirements [2, 3]. In Germany, mainly
paper-based documentation systems
are used to support nursing process 
documentation. However, problems are
frequently reported regarding the long
time required for documentation [4-6],
the low quality of the documentation 
[3, 7] and the limited user acceptance 
[4, 7]. To overcome these problems,
computer-based nursing documentation
systems are now being developed for
use in nursing practice [8-10]. In 
Germany, however, the use of compu-
ters to support the nursing process is
still very rare [6, 8]. Examples given for
this lack of success include: insufficient
integration in nursing workflow, limited
quality of the software, low acceptance 
of computers in nursing practice and in
the nursing process, and insufficient
nursing terminology systems [8, 9, 11,
12]. 

Due to the limited use in nursing
practice, it is still unclear whether 
computer-based nursing documentation

systems can enhance the quality of 
patient-centered care. Therefore, a 
rigorous and complete evaluation of
their effects, costs and benefits is seen
as very important [3, 13, 14]. Mere 
laboratory evaluations of information
systems seem insufficient for determining
their real effects, clinical relevance and
limitations [15].

Many studies examined the effects 
of computers in nursing and the nurses’
attitudes toward computers [7, 16-43].
Few of these studies evaluated in detail
the effects of computer-based nursing
process documentation systems [3, 44-46].
Moreover, none of these studies used a
randomized study design that allows a
direct comparison between paper-based
and computer-based nursing process
documentation. For this reason we 
conducted a controlled randomized 
study to compare our conventional 
paper-based documentation system 
with a new computer-based application
system. 
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2. Methods

2.1 Clinical Environment

Our study took place at the end of
1998, in the Department of Psychiatry
of the Heidelberg University Medical
Center; 420 patients per year, suffering
from acute mental disorders, are treated
in 23 beds on this ward. On average, a
patient length of stay is 20 days. Twelve
registered nurses and 5 physicians were
working on the ward at the beginning of
the study. 

In the Department of Psychiatry, the
nursing process has formed the basis of
nursing documentation and nursing 
care for several years. The nurses on the
study ward already had experience with
the use of computers; for example, for
ordering meals, materials and drugs, for
writing discharge reports, for duty 
scheduling and for patient administration
[47].

2.2 Documentation System 
Environment

The paper-based nursing documen-
tation system used in the Department
consists of several forms for free-text
entry. The forms correspond to the pha-
ses of the nursing process. The informa-
tion assessment is usually documented
shortly after the patient has been admit-
ted. This also applies to the nursing care
plan, which may be changed according
to the patient’s condition. The planned
tasks are executed and then signed by

each shift (morning, afternoon, and
night shift) on a corresponding form.
Each shift writes a short nursing report. 

We chose the computer-based nursing
documentation system PIK 4.01 for this
study; it fully supports phases 2–6 of the
nursing process. A description of PIK
can be found in [48] and [49]. 

2.3 Study Design

2.3.1 Study Aims

The detailed study aims and questions
can be found in [49]. The overall aim of
the study was to compare the computer-
based and the paper-based nursing 
documentation systems regarding time
investment, quality of documentation
and user acceptance: 
– Q1.1: What difference exists between

the two documentation systems 
concerning the time invested in 
nursing documentation?

– Q1.2: What difference exists between
the two documentation systems 
concerning the quality of nursing 
documentation?

– Q1.3: What influence does PIK have on
the nurses’ acceptance of computers?

– Q2.1: What is the user acceptance of
PIK among the nurses on the study
ward?

– Q2.2: What is the user acceptance of
PIK among the physicians on the 
study ward?

2.3.2 Study Method

We conducted a randomized controlled
trial to compare both documentation
systems. The trial followed a detailed,
pre-specified study protocol [49]. The
time period to be covered by the study
was from November 11, 1998, to 
January 17, 1999 (10 weeks). All 60 
patients admitted to the selected ward
of the Department of Psychiatry during
this time period were included in the
study. Using randomization, the new
admissions were assigned either to the
PIK group (documentation using the
computer-based system only) or to the
control group (documentation using the
paper-based system only). PIK was 
installed seven weeks in advance of the
study to enable sufficient training. All
nurses received an intensive 2-hour 
instruction on the system and also an in-
troduction into the study aims.

We used a mix of quantitative and
qualitative methods to answer the 
study questions, which included self-
administered questionnaires, interviews,
self-observations and quality checklists. 

To answer Q1.1, all nurses of the
ward documented the time invested for
care planning and documentation for
each patient during the entire study.
The times were then computed per day
and per patient in both groups and were
compared using the Wilcoxon-Mann-

1 PIK 4.0 is developed by the “Länderprojekt-
gruppe PIK”, contact address: Länderpro-
jektgruppe PIK, Deutsches Herzzentrum
München (German Heart Center), Lazarett-
str. 36, 80636 Munich, Germany.

Fig. 1 Study design. Start and end of randomization, as well as start and end of time measurements are indicated. 
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3. Results

Q1.1: What difference exists between
the two documentation systems concerning
the time invested in nursing documenta-
tion?

For the patients included in the time
analysis (n = 40), the daily mean time
was computed (only days with available
data were included). Table 1 shows the
mean time per day for the patients of
both groups for which data were available.
Thus, if a task, such as care planning,
was never carried out for a patient, 
this patient was not included (see also
Table 1).

For many patients in the control
group, care planning was not conducted.
The enormous efforts required to create
a paper-based care plan was the reason
for this mentioned by the nurses. In 
addition, care planning is often not 
done when patients are dismissed after
only a few days. 

Using the Wilcoxon-Mann-Whitney
test, we saw that ‘planning and docu-
mentation of tasks’ (p = 0.004) and 
‘report writing’ (p = 0.019) needed 
significantly more time with the compu-
ter-based system than with the paper-
based system. For care planning, no 
significant difference between both
groups was seen due to the limited 
number of items (p = 0.131). 

In the questionnaire at the end of the
study period (which was answered by 
11 of the 12 nurses working on the ward
at this time) the nurses were asked to 
give their opinion on how PIK affected
their time investment. Seven nurses

Q2.2. Figure 1 gives an overview of the
study period.

2.4 Course of the Study

The ward was equipped with two
computers in addition to the ward 
computer already in use. Additionally,
PIK was installed on the computers 
located in the physicians’ offices. All
nurses received an intensive two-hour
introduction to the software. 

Overall, 60 patients were admitted
and included in the study during the 
study period (30 in the PIK group, 30 in
the control group). Analysis of the 
demographic data in both groups 
showed no significant differences 
concerning gender, age and duration of
stay; the mean age of the patients was
48 years in the PIK group (range: 22-80
years) and 40 years for the control
group (range: 19-94 years). The mean
duration of stay of the patients was 20.9
days for the PIK group (range: 1-85
days, standard deviation 21.4 days) and
21.8 days for the control group (1-62
days, standard deviation 20.2 days).

Ten nurses worked continuously on
the ward during the whole study. From
8 of these 10 nurses, all questionnaires
were available. The average age of 
these nurses was 32 years (range: 24-46
years), 3 were male and 5 were female.
On average, the respondents had 2.5
years of computer experience (range: 
1-5 years) and an approximate weekly
working time with computers of 3.5
hours (range: 1-7 hours) at the beginning
of the study.

Whitney test at the 5% level. The first
20 patients were not included in the 
data analysis to allow for possible learning
effects in the use of PIK during the first
weeks of the study. Thus 40 patients (60
minus 20) were analyzed for Q1.1. 

To answer Q1.2, two external nursing
experts assessed different quality aspects
of nursing documentation for all patients
of both groups (n = 60) at the end of the
study. We were not able to find validated
quality checklists that combine objective
quality measurements (i.e., number of
stated nursing aims, completeness) with
subjective quality measurements (i.e.,
legibility, plausibility, overall quality
judgment). Therefore, we constructed a
quality checklist which combined both
kinds of items. This checklist was tested
and revised before the beginning of the
study. 

To answer Q1.3, we interviewed all
participating nurses before and after the
study using the validated questionnaires
of Lowry, Nickell and Bowmann [29,
50, 51]. The resulting overall acceptance
scores were computed before and after
the study. These were compared using
the Wilcoxon Signed Rank test at the
5% level. 

To answer Q2.1, we interviewed all
nurses at the end of the study using a
questionnaire that was based on parts
of the questionnaires of Ohmann [52]
and Chin [53]. This questionnaire also
contained some questions on time 
investment reduction and changes in
quality. We also interviewed the 
participating physicians using a short
self-constructed questionnaire to answer

Table 1 Mean time 
consumption per day in
three categories for 
the nursing process 
documentation for the PIK
group and the control
group. The p-value indica-
tes the results of the Wil-
coxon-Mann-Whitney test
for the differences in time
efforts between both
groups. The differences in
“Planning & documentati-
on of tasks” and in 
“Report writing” are 
significant at the 5% level.
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agreed that PIK saved time for care
planning, but only three agreed that
PIK saved time for documentation of
tasks or for report writing. This matches
the objective results of the time measu-
rements. 

Q1.2: What difference exists between
the two documentation systems concerning
the quality of nursing documentation?

A review of the nursing documentation
of all patients (n = 60) by two external
nursing experts showed wide differences

between the documentation in the 
PIK group and in the control group 
(Table 2).

The nursing experts identified the
following quality aspect problems: In
the PIK group, care plans were often
unspecific and too long. The potential
danger herein was said to be less 
individualized patient care and too
many planned, but not executed tasks.
In the control group, they mainly 
criticized the often incomplete nursing
documentation, its illegibility and the
missing signatures. 

In the questionnaire on conclusion of
the study, which was answered by 11 of
the 12 nurses, the majority agreed that
with PIK nursing documentation is 
more complete (10 nurses), that the 
legibility is better (9 nurses), and that
the quality of documentation is better
(8 nurses). 

Q1.3: What influence does PIK have
on the nurses’ acceptance of computers?

Based on the questionnaires used,
acceptance scores were computed for
each nurse. From 8 of the 10 nurses 
who worked on the ward during the
whole study, questionnaires from the 

Table 2 Quality aspects
of the nursing documen-
tation in the PIK group
and in the control group
(both n = 30).

Table 3 Distribution of the answers of 11 nurses, asked for the acceptance of PIK.
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merely summarizing [58, 59]. Its results
should provide guidance for further 
system development. During our study
period, we also collected all hints on 
errors and possible improvements of
the software used. 

Overall, we found that a randomized
study design is possible in a clinical 
environment and that both quantitative
and qualitative aspects can be assessed.
We did not try to measure effects on 
the quality of the outcome of nursing,
because this is not only difficult to 
measure, but is also difficult to relate
the improved results with the new 
software system [17]. We concentrated
on questions of structure and process
quality which could be answered in a 
limited amount of time. 

Time investments for nursing process
documentation were measured by the
nurses themselves. It could be argued
that this kind of documentation might
be biased, for example, due to incomplete
data. Nevertheless, observations by
third persons over several weeks (and
over 24 hours a day) were too expensive.
Statistical approaches such as work sam-
pling [60] seemed inadequate because
the time used for nursing process 
documentation is very limited (the 
estimates are approx. 5% of the overall
time on the study ward). There may be
(and probably will be) missing values 
in the self-assessments and thus the 
absolute numbers of the minutes may
be too low; however this should not 
influence  direct comparison between
the PIK and control groups. The same
applies to a possible Hawthorne effect
with regard to the nurses. In addition,
all subjective results confirm the results
of the self-assessments. 

Another point to be discussed is the
large amount of control group patients
without time measurements for care
planning, as compared to the PIK
group. Nurses told us that care planning
with paper-based tools is very time-
consuming. It was much easier with 
PIK and therefore it was done more 
often. Therefore, the comparison of 
time was not significant despite the 
large differences found.

When using questionnaires, answers
may tend to be socially desirable. We
tried to minimize this effect by explaining
in detail the study aims to the nurses at
the beginning of the study: to objectively

information. Three stated that they now
read the nursing documentation more
often than before. All physicians stressed
the better legibility. 

4. Discussion and Conclusion

4.1 Method

The effects of computer-based infor-
mation systems in nursing are attracting
increasing attention. Controlled clinical
trials are often seen as the “gold 
standard” for evaluation studies in
health care [15, 54]. Therefore, we 
designed our study this way. The 
controlled study design allowed us to
directly compare the effects and the
user’s perceptions of paper-based 
and computer-based nursing process 
documentation. 

There are important issues to be 
considered when designing controlled
evaluation studies: The evaluation
should be carried out in practice, not in
a laboratory setting. Although, as [55]
states: “Real-world settings are not 
easily controlled”. In addition, rando-
mization is often difficult as only small
sample sizes are available (e.g., number
of wards) [17]. We were able to conduct
a randomized controlled trial on one
ward by randomizing the patients 
(and not nurses or wards), therefore 
minimizing influences due to patient
data (e.g., kind of disease).

A second important issue is that the
users’ acceptance strongly determines
whether the system will be incorporated
into clinical practice [56]. It is therefore
essential to combine qualitative and
quantitative aspects in an evaluation
study. We applied a variety of methods
such as interviews, questionnaires, 
observation and documentation analysis.
This enabled us to focus on the different
evaluation aspects [57].

Next, there may be more than one
valid perspective of the success or failure
of a given system [55]. We therefore 
examined the opinions not only of the
nurses working with the documentation
system, but also of the physicians and of
two external nursing experts. Hereby
we received some similar, but also 
different opinions on certain questions.

Finally, the evaluation should be 
formative (“constructive”) and not 

beginning and the end of the study were
available. 

The acceptance for computers after
the study was lower in two cases, equal
in one case, and higher in five cases,
compared to before the study. This 
difference is not significant (p = 0.203).
For example, before the study two 
nurses mentioned they were frightened
by the complexity of computers and
that they found working with them 
difficult. After the study, only one still
felt frightened and none found working
with them difficult. 

However, the acceptance of computers
for nursing process documentation rose
significantly (p = 0.034); the acceptance
score was lower in one case and higher
in seven cases. Before the study, for 
example, only three nurses felt that
computerized care planning would 
improve the quality of care plans, after
the study seven felt this way. 

Q2.1: How is the user acceptance of
PIK among the nurses of the study
ward?

After the study, 11 of the 12 nurses
expressed their opinion about PIK on 
a questionnaire. Table 3 shows the 
results.

Overall, they judged PIK primarily
useful for care planning, and only partly
for planning and documentation of
tasks; 8 of 11 participating nurses 
wanted to continue working with a 
computer-based documentation system
upon completion of the study, and 8 of 10
wanted to continue working with PIK.

Q2.2: How is the user acceptance of
PIK among the physicians of the study
ward?

Four of the five physicians working
on the ward completed the questionnaire
at the end of the study. Three of them
felt experienced using computers and
PIK, one did not. All physicians agreed
that nursing documentation is important
for medical decision making and for the
patient observation. All physicians now
read the nursing reports before a shift is
handed over, but none of them reads
the care plan. Three physicians mentioned
they now discuss items of the nursing
documentation with the nurses more 
often, and that handing over the shifts
has become more efficient. 

Overall, three physicians judged PIK
as useful for themselves as they now 
have better access to nursing-related 
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professional team, as in our case. These
effects on cooperation are now being
further examined in another research
project in Heidelberg [67].

We are sure that each new application
system may have both positive and 
negative consequences. Finally, user 
acceptance is decisive for its success. In
our case, the high user acceptance and
the increasing need for accountability
and liability of nursing documentation
finally led to the joint decision of the
users and the nursing management to
continue working with computer-based
nursing documentation systems at the
Department of Psychiatry in Heidelberg.
PIK is now being used regularly on four
wards in three departments.
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