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A German regulation requires nursing managers to docu-
ment patient-nurse ratios. They have to combine heteroge-
neous hospital data from different sources. Missing
documentation or ratios that are too high lead to sanctions.
Automated approaches are needed to accelerate the
time-consuming and error-prone documentation process.
A documentation and visualization system was implemented.
The system allows nursing managers to quickly and auto-
matically create the documentation required by the regula-
tion. Interactive visualization dashboards assist with the
analysis of patient and staff numbers. The developed
method was effectively used in nursing management tasks.
No changes to the information technology infrastructure
were needed. The new process is around 35 hours per
month faster and less error-prone. The documentation func-
tionality automatically reads the required information and
correctly calculates the documentation. The visualization
functionality allows nursingmanagers to assess the current
patient-nurse ratios before the documentation is submitted.
The method scales to multiple wards and locations. It calcu-
lates the sanctions to expect and is easily updatable. The
proposed method is expected to decrease nursing adminis-
tration workloads and facilitate the analysis of nursing man-
agement data in a cost-effective way.
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O n January 1, 2019, a new regulation was adopted
by the German Ministry of Health. The
Pflegepersonaluntergrenzen-Verordnung (PpUGV)

defines maximal patient-nurse ratios that need to be met in
certain hospital divisions.1 The goal of the regulation is to
ensure a high quality of care in these divisions.

The fulfillment of these ratios has to be documented and
reported to a public institute.2 The regulation is coupled
with financial disadvantages for hospitals not meeting these
requirements.3 Failing to meet the required patient-nurse ra-
tios, which are computed as a monthly average, results in
sanctions of up to €8500 per missed 8-hour nurse work shift.
Hospitals that do not report their patient-nurse ratios on
time or deliver incomplete documentation are sanctioned
with a fine of up to €20 000.

The new regulation leads to increased documentation
workloads for nursing managers. As data from different
sources (namely, staff and patient management systems)
need to be combined, the corresponding information tech-
nology (IT) systems have to be compatible with each other.
If they are not, manual work is needed to extract and com-
bine the data. Nursing management has an impact on care
outcomes.4 As much time as possible should be available
for tasks that improve hospital care. Some nursing managers
report that they spend up to 49% of their work time with
deskwork.5Methods to decrease the time spent on documen-
tation can help free up time, which can be used for tasks that
have an impact on hospital care.

An additional challenge stems from the fact that the regu-
lation can be updated every year. At the beginning of 2020,
for example, new hospital divisions were added to the
PpUGV.6 This means that any documentation process must
be flexible and easily updatable.

The PpUGV highlights two common challenges that hos-
pital managers, and especially nursing managers, encounter
in their daily routine. The first is the use of heterogeneous
hospital data. Different types of data are stored in different,
sometimes incompatible, systems. The manual combination
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of heterogeneous data is cumbersome and error-prone. This
makes it challenging to combine the data in a meaningful
way. The second is that hospital care is multifaceted and of-
ten brings new requirements. These quickly changing re-
quirements make it necessary to find and combine data
flexibly and quickly.

Similar challenges are often encountered in business. One
possible mitigation was found in the form of business intelli-
gence (BI) instruments. These offer methods to combine data
from different sources and visualize these data flexibly and
interactively. These instruments can also be applied to hospi-
tal data.

We propose to use BI methods in nursing management
documentation processes that involve heterogeneous hospi-
tal data. This approach is expected to allow nursing man-
agers to accelerate and simplify documentation processes.
The documentation of patient-nurse ratios, as in the
PpUGV, serves as an example of such a process. The goal
of the present study is to assess the use of BI in nursing man-
agement documentation processes that include heteroge-
neous hospital data.

RELATED WORK
Germany's is not the first administration to use patient-nurse
ratios as a means of quality control for hospital care. Similar
measures have been used in California in the United States7

and the states of Queensland and Victoria in Australia,8 for
example.

Patient-nurse ratios have long been an active field of re-
search. There are numerous studies on the association be-
tween patient-nurse ratios (or nurse staffing levels in
general) and patient outcomes.9–12 Other studies include
the effect of such ratios on nursing staff satisfaction and
well-being.13 Another field of research is the study of organiza-
tional changes associated withmandated patient-nurse ratios.14

Whereas the effects of patient-nurse ratios are well-studied,
their documentation processes are not.

On a larger scale, the integration of heterogeneous hospi-
tal data has been achieved using the concept of data
FIGURE 1. The overall architecture of the proposed method. It combi
documentation, as well as interactive visualization dashboards. An o
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warehouses, systems that combine and aggregate many dif-
ferent data sources.15–17 This approach requires significant
installation and maintenance efforts, rendering it unfeasible
for a smaller application such as the integration of two data
sources for documentation. A more cost-effective solution is
required, one that allows the integration of a few data
sources and the generation of the required documentation.
The present study does not build upon a data warehouse. In-
stead, a BI system is directly used as the basis for the PpUGV
documentation and visualization system.

Business intelligence instruments and methods have been
used in various nursing management applications. These in-
clude controlling and communication18,19; patient, disease,
and population management20–22; and assessment of hospi-
tal documentation quality.23 The effects of BI usage have
been studied in combination with nursing decision sup-
port.24 Other domains in healthcare have also seen in-
creased implementation and study of BI systems.25 More
uses of BI in nursing management are expected to improve
healthcare.26

Nursing management documentation processes, how-
ever, have not been studied as a possible field of application
of BI. To the best of our knowledge, this is the first study to
assess the use of BI in nursing management documentation
processes that include heterogeneous hospital data.

METHODS
Process analysis was carried out in a German hospital with
650 beds. Interviews and observations with nursing and
IT managers were conducted to understand the process
thoroughly.

The results of this process analysis were then used to de-
sign and implement a PpUGV documentation and visualiza-
tion system in the hospital. The instrument was realized as
an app in the commercially available BI platformQlik Sense
(QlikTech International, Lund, Sweden). The overall archi-
tecture can be seen in Figure 1.

The requirements, as defined in the regulation, were
transformed into a data model that encompasses all the data
nes staff and patient numbers to produce the required
verview of the corresponding process can be seen in Figure 3.

CIN: Computers, Informatics, Nursing 585
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FEATURE ARTICLE
needed for the PpUGV. A load script and a collection of
dashboards were designed and implemented. The load script
defines how data can be imported into the data model. The
dashboards are used to display the information contained in
this data model in various ways.

RESULTS
Manuel Process Analysis
The output of the documentation process is defined in the
regulation. It contains organizational information that must
not be changed by the hospital because this information is
used by government agencies to identify the hospital and
its wards. Changes to this information will result in an error
message when handing the documentation in. Based on the
hospital's staff and patient numbers, different columns in the
table must be computed. These include the monthly average
number of nurses and patients, the resulting patient-nurse
ratios, and the number of shifts in which the required limit
was not met. The regulation defines the hospital shifts as
day (6:00 AM to 10:00 PM) and night (10:00 PM to
6:00 AM). These shifts do not necessarily reflect the working
hours in the hospital but are used to align the working hours
in hospitals across Germany for the purposes of evaluation.
This means that nursing shifts that lie across the regulation
shift hours have to be distributed to the two regulation shifts
proportionately, irrespective of how the nursing shifts are
managed (and named) in the hospital. Patient numbers are
collected only once per day and are then valid for both shifts.

The German Ministry of Health differentiates between
two different types of staffmembers in the regulation: examined
and nonexamined nurses. Although all examined staff can be
included in the calculation of the patient-nurse ratios, there is
a limit on the number of nonexamined staff that can be in-
cluded. This maximal includable number of nonexamined staff
can be calculated from the number of examined staff.

Table 1 shows the final format of the documentation.
This documentation must be manually submitted to the
Web site of InEK, the “Institut für das Entgeltsystem im
Krankenhaus” (Institute for Hospital Reimbursement). As
this Web site is provided by InEK, no changes in this part
of the documentation process are possible.

The result of the analysis of the manual process can be
seen in Figure 2. The data are gathered from two different
sources. The first type of data describes the nurses working
in each affected ward. It is copied from the staff management
system (step 1). These numbers are manually divided into
different positions according to the nurse types (examined
and nonexamined) and day and night shifts (step 2) and then
aggregated (step 3). If a nurse's shift does not entirely lie in
one PpUGV shift (ie, not entirely in the range 6:00 AM to
10:00 PM for the day shift or in the range 10:00 PM to
6:00 AM for the night shift), the working time is distributed
586 CIN: Computers, Informatics, Nursing October 2021



FIGURE 2. Depiction of the original manual documentation process. Manual copying or calculation steps are denotedwith a red bar, with
the numbers denoting the step as mentioned in the main text.
according to the working hours. The working hours are used
when calculating the total amount of time spent working per
ward. This was done manually using a Microsoft Excel
(Microsoft Inc, Redmond, WA, USA) spreadsheet. In addi-
tion, the number of maximal includable nonexamined nurses
is calculated.

The second data source is concerned with the number of
patients per ward. Screenshots of the hospital information
system were used as the data source (step 4). These
screenshots were printed out (step 5) tomake it easier to work
with the hospital information system. Different wards were
only accessible on different pages of the system. The change
between these pages was deemed too time-consuming. The
needed values were manually transferred from the printed
screenshots (step 6). Both staff and patient numbers were col-
lected in one single Microsoft Excel spreadsheet that carries
out the remaining calculations automatically. The format of
this spreadsheet was defined by the nursing managers and
could not directly be used for the required submission of the
documentation. A transferring step is needed to transform
the collection format to the submission format (step 7). These
formats differ in the level of detail (daily vs monthly values)
and their division into files (one file per ward vs one file per
quarter). The data are then submitted to the InEKWeb site.

Ward managers can directly modify the resulting spread-
sheet. They have the option to enter the data by hand,
bypassing the staff management system and the hospital in-
formation system entirely. This can be done in order to doc-
ument the patient and staff numbers directly from the ward,
for example, in night shifts during regular rounds.

Overall, there were seven manual copying and calcula-
tion steps in the process.

Problems in the Manual Process
Themanual process leads to several problems. First, the pro-
cess is very time-consuming, taking away from the nursing
Volume 39 | Number 10
manager's limited resources. Second, the process is error-prone.
Manymanual copying and calculation steps can easily lead to er-
rors in the numbers. All of the seven manual copying and calcu-
lation steps contribute to the time-consuming and error-prone
nature of the process.

Third, the process does not scale. The more wards and
hospital locations affected by the PpUGV, the more work
time is needed to complete the documentation. With more
divisions being added yearly, this steadily increases nursing
managers' workload.

Data Model
The data model was derived from the regulation text. As no
mathematical formulas were included in the text, they had to
be developed together with the data model. The model itself
contains all the types of information that are mentioned in
the regulation.

Depending on the hospital, the patient and staff informa-
tion can come from a variety of sources. It can be automat-
ically gathered from existing hospital systems. If this is not
possible, it can be collected manually in Microsoft Excel
spreadsheet files as a workaround. This mode of data collec-
tion is different across hospitals or sometimes even different
locations and wards of the same hospital. This data model
acts as an interface definition. It describes which information
is needed for the PpUGV documentation and visualization
system, abstracting the information from the mode of
collection.

The following fields are included in the data model. First,
there are the base fields that are used to match entries from
the data sources. These are date, ward, location, shift, and
division. Next, the fields defined by the PpUGV are the de-
fined patient-nurse ratios and the maximal allowed portion
of nonexamined nurses (MaxNEN). The remaining fields
come from the input data or can be calculated from this
data. These fields are the numbers of patients (NP),
CIN: Computers, Informatics, Nursing 587
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examined nurses (EN), and nonexamined nurses (NEN) and
the following calculated fields. These formulas have been de-
veloped from the textual description found in the regulation.

1. Maximal includable number of nonexamined nurses
(INEN):

NEN *
MaxNEN

1‐MaxNEN

2. Total number of nurses (NN), with NEN capped at
INEN:

EN þminimum NEN ; INENð Þ
3. Minimal number of nurses needed (MN):

NP

PNR

4. Degree of fulfillment:

NN

MN

Pflegepersonaluntergrenzen-Verordnung Documentation
and Visualization System
The developed method is usable in the form of a one-click
PpUGV documentation and visualization system. It auto-
matically reads in the input data and calculates the required
documentation. The corresponding process can be seen in
Figure 3. A file export is triggered in the staff management
system once a week. The hospital information system gener-
ates another new export file. These two export files are used
as data sources.

The PpUGV documentation and visualization system auto-
matically gathers the data and calculates the documentation. It
first reads in the files that have been produced by the patient
FIGURE 3. Depiction of the documentation process using the PpUGV
calculation steps remain.

588 CIN: Computers, Informatics, Nursing
and staff management systems in the hospital or created man-
ually. After filtering out data that are not needed (eg, data of
wards that are not affected by the PpUGV), the names used
in both information types are translated into joint names. As
many hospital information systems use their own convention,
this kind of translation is needed to ensure that entries from dif-
ferent systems can successfully be matched. This ensures that
the data fit into the data model defined for this method. It then
automatically executes the remaining calculation steps, which
include distributing, aggregating, and calculating the values
(steps 1 to 6 in the manual process) and the generation of the
required format (step 7). All of the steps (1 to 7) in the manual
process have been replaced by the load script. No further ac-
tions are required to calculate the documentation. Overall, this
new process contains no manual copying and calculation steps.

The created dashboards contain various data visualiza-
tion components. These dashboards can be used to analyze
the nursing management data that were previously loaded,
independently of the requirements of the PpUGV.

The method was validated by comparing both the man-
ual and the automated documentation for 7 months. Over-
all, the differences between the automated and manual
calculations were minimal, with the number of nurses being
on average 0.04 ± 0.38 lower with the automatic calculation,
with the average taken per shift type (day and night), month,
and ward. Such differences were to be expected because the
automated approach performs the necessary calculations on
a much more exact scale (work minutes instead of work
hours). The method produced the correct documentation,
which was submitted to and validated by InEK.

DISCUSSION
Overall, the solution proved cost-effective. No changes to the
IT landscape of the hospital were needed. Data exports of
the existing IT systems could be used.
documentation and visualization system. No manual copying or

October 2021



The automation of some of the required steps reduces the
workload needed to fulfill the documentation requirements
present in the PpUGV. Overall, the number of manual
copying and calculation steps was reduced from seven to
zero. The computation was completely automated. This
part of the process was time-consuming and could easily lead
to errors due to the high number of manual copying of num-
bers from one medium to another. This automation makes
the process faster and less error-prone. The time savings can-
not be quantified precisely because of a training effect and
confounding factors that cannot be adjusted for in hospital
practice (eg, interruptions). The overall time needed for the
manually created report was around 40 hours per month,
whereas the overall time for the automatically created report
was less than 5 hours per month. The time savings are thus
around 35 hours per month.

Apart from these quantitative changes, there are also
qualitative changes. First, the PpUGV documentation and
visualization system offers a variety of well-known visualiza-
tion types. The datamodel includes wards, hospital divisions,
dates, patient numbers, and working times. These data can
be freely and interactively used to create visualizations. No
programming knowledge is required. These visualizations
can be used to answer various questions that arise in nursing
management. Two such questions are “How are patient and
nurse numbers evolving in relation to each other?” and “Is
there a trend?” An example of one of the visualization dash-
boards can be seen in Figure 4. It is clearly visible that both
patient and nurse numbers decrease considerably on
FIGURE 4. A screenshot of one of the visualization dashboards with da
patient-nurse ratio (PNR) and fulfillment can be seen. Both are average
the development of the average fulfillment, as well as the average num
and orange marks for weekends.

Volume 39 | Number 10
weekends (orange), but this does not have a negative impact
on the fulfillment. The green trend lines (modeled as polyno-
mials of degree 4) show interesting overall trends in the data.
Both the patient and nurse numbers are affected by the main
vacation times in Germany (December-January and June-
August). The decline in patient numbers from January to
September reflects the regular annual fluctuations, for
example, due to vacation times. The degree of fulfillment
increases steadily. The visualization functionality facili-
tates informed decision-making in nursing staff manage-
ment. The date information included in the PpUGV
data can be used to discover temporal trends and react
to seasonal changes in the data.

The second qualitative change is that the PpUGV docu-
mentation and visualization system automatically calculates
the sanctions to be expected with every report. In the case
of overfulfillment, it automatically calculates the amount
by which the defined limits in the regulation were exceeded.
Previously, it was not clear if sanctions had to be expected
before the final report was submitted. This is now calculated
on a daily basis. This functionality allows nursing managers
to change nurse staffing plans according to the data proac-
tively. A screenshot of this can be seen in Figure 5.

The third change is that this new process has better over-
all scalability. Although the manual documentation process
needed to be executed for each affected ward separately,
the generation of the files, as well as the one-click report gen-
eration, are done for all wards simultaneously. Different loca-
tions of the hospital can be combined without modification.
ta of January to September 2019. On the top, the overall average
d over all days and wards. Below are three line graphs showing
ber of nurses and patients. All graphs include green trend lines

CIN: Computers, Informatics, Nursing 589



FIGURE 5. A screenshot of the sanction calculation functionality. Both sanctions and the overfulfillment (in Euros spent) are shown to
make these twomeasures comparable. If themonth was overstaffed, the sanctions are below zero and vice versa. For example, ward
1 has negative sanctions because it was overstaffed according to the PpUGV. The negative sanctions give an impression of how much
sanction was evaded because of this overstaffing.

FEATURE ARTICLE
This makes it easy to scale the process to different wards and loca-
tions of a hospital without increasing the manual work necessary.

Lastly, the system is easy to update. As mentioned previ-
ously, yearly changes in the regulation details are to be ex-
pected. The regulation details are stored in a configuration
file that can be updated accordingly without the need to change
the system itself. Changes in the allowed patient-nurse ratios,
the number of nonexamined staff that can be included in
the ratios, and the affected divisions themselves thus only have
to be incorporated into the configuration file.

CONCLUSION
The documentation required by the PpUGV can be
time-consuming and error-prone if done manually. The
PpUGV documentation and visualization system automates
this process and returns the correct documentation in a fast
and efficient way. Its underlying model, including the
needed mathematical formulas, was derived from the regu-
lation text. Themodel includes heterogeneous data from dif-
ferent sources, which can also be used in the visualization
component via dashboards. The graphs in these dashboards
can be created and queried interactively, aiding nursing
managers in the analysis of their data.

The system is robust against changes in the regulation. In
addition, the method is cost-effective, as no changes to
existing IT systems are needed. It scales to multiple hospitals
without modification.

In summary, the method improved the documentation
process and had further positive impact. It allows nursing
managers to use their data efficiently and interactively with-
out larger investments.
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