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Abstract. Effort and quality of care documentation are among the most pressing challenges in the nursing
domain due to demographic development and compliance demands. Hence approaches for decreasing the
effort of documentation while increasing its quality are required. This work introduces the idea of automatic
task completion and documentation which is achieved through a process-aware solution where physical
objects utilized during care tasks are equipped with NFC tags. Nine use cases from the care domain are
identified with domain experts and implemented through a proof-of-concept prototype. The time reduction of
employing this technology is assessed by domain experts within the typical routines in a nursing home. The
interviews indicate an average decrease in documentation time per shift of more than 60%. Inherently also
documentation quality is increased as automatic documentation prevents forgetting to document certain
steps or other errors. On top, this work fosters two ways for comprehensive documentation, i.e., log-based
documentation for analysis and monitoring tasks and paper-based documentation as typically expected
by nurses. The logs are automatically created and stored by the underlying process engine. It is shown
how paper-based documentation can be automatically created based on process logs. Overall, this work
provides the basis for automatic, comprehensive, and continuous documentation of care tasks based on

NFC technology.
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1 Introduction

“Population ageing and demographic development
tend to increase the demand for health care, so-
cial security and the care for the disabled and
the elderly.” (Burian et al. 2020). Although this
development already forces nurses to spend less
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time on residents, at the same time, effort for doc-
umentation of the care work is not reduced or even
increases. Besides the time effort of documenta-
tion an important concern is its quality (Jefferies
et al. 2010). Documenting every interaction with
a resident, from administering drugs to hydrating
residents, is time-consuming and decreases the
time spent with a resident. Additionally, the docu-
mentation is often conducted at the end of shifts,
which leads to missing or even wrong entries as
documentation is created from memory.

1.1 Problem Statement

Basically, documentation in the care domain is
carried out based on paper-based or electronic
health records where “each have their drawbacks
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in the real practice of nursing documentation’
(Akhu-Zaheya et al. 2018). On the one side,
paper-based documentation is found to “not meet
the requirements of high-quality documentation
and communication among healthcare providers,
because it is time-consuming, repetitive and in-
accurate” (Akhu-Zaheya et al. 2018). On the
other side, the application of electronic health
records is still limited and its impact on quality
of documentation has not been fully proven yet
(Akhu-Zaheya et al. 2018). As stated in (Lenz and
Reichert 2007), (health) care in general craves for
process-aware solutions. The process awareness
leads to a task-oriented instead of data-centered
view on the residents. This, in turn, facilitates
the continuity of the documentation at the gran-
ularity of a care task and is hence promising for
decreasing documentation effort and increasing
documentation quality. Taking a process-aware
care solution as a starting point, this work studies
the following research questions.

1. Automatic task completion: Selected care tasks
can be automatically completed by the process-
aware care solution, i. e., without requiring user
interaction. Typically, in a Process-Aware In-
formation System (PAIS), users interact with
the system through a work list where the active
tasks are displayed and can be completed by
the users. The goal of the envisioned process-
aware care solution is to unburden the nurses
from reminding clicking on the tasks in work
lists by automatic completion. After the com-
pletion and according to the care process the
next task is then automatically enacted (i.e.,
put into an active state, ready to be processed)
by the system. The automatic task completion
also furthers the automatic documentation (see
RQ?2) as whenever the system completes a task
successfully, a corresponding event is stored in
the process log.

— RQ1: How to provide automatic completion
support at any given care task?

2. Continuous and automatic documentation:
Documentation steps comprising all relevant

care data are automatically conducted by the
process-aware care solution when a care task is
completed.

— RQ?2: How to provide automatic documen-
tation support at any given care task?

3. Comprehensive documentation: This question
refers to the preparation and presentation of the
care task documentation. As a process-aware
solution is advocated, system-based documen-
tation is achieved by logging. However, process
logs cannot be used as format by nurses, hence,
the solution requires a different, paper-based
representation.

— RQ3: How to enable the automatic gener-
ation of paper-based documentation based on
process logs?

4. Reduction of effort and time: The support by
automatic task completion and documentation
results in reduced time and effort for nurses.
— RQ4: How effective is support of automatic
task completion and documentation?

1.2 Care scenario and contributions

RQ1 — RQ4 will be addressed based on process-
aware care solution and the idea to elevate objects
that are used during the execution of care tasks
to IoT devices. We illustrate this based on the
morning routine in a nursing homel as depicted by
Fig. 1. The control flow is modeled using Business
Process Modeling and Notation (BPMN). Process
task Change incontinence pants, for example, is
followed by subsequent task Go to toilet with
resident whereas tasks Give water and Give drugs
are ordered in parallel.

For each of these tasks, typically, the nurse has
to document that i) the task has been completed
and ii) data connected to the task (e. g., the task was
conducted by Nurse A at time T with drug dosage
D). A process-aware solution where care processes
are modeled, enacted, and executed through a
PAIS, provides essential support for automation

1The process is delineated by international nursing guidelines
such as of the North American Nursing Diagnosis Association
(NANDA) (Brooks and Massanari 1998) and national laws.
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Figure 1: Daily morning care routine (BPMN notation using Signavio)

of i) and ii). More precisely, a PAIS offers work
lists to the nurses. These work lists contain the
care tasks that are due in their context (i. e., for a
specific resident with his/her data necessary for
the task). One example is task Give drugs where
the dose for a specific resident is indicated in the
work list. Hence, overall, PAIS support could
already facilitates automatic and continuous care
documentation.

However, we aim at going one step further,
exploiting the fact that typically many tasks in a
care processes utilize physical objects (denoted as
care utilities in the following). Take the morning
routine as an illustration,2 Nine out of twelve care
tasks involve care utilities, for example, Pants for
task Change incontinence pants.

Care utilities are key to enable automatic com-
pletion of tasks, equipped with some set of data
values. In detail, care utilities are equipped with
NFC tags storing precise information about the
care utility. Fig. 2 shows a resident bed equipped
with an NFC reader in an experimental setting at
the lab of the Research Group Workflow Systems
and Technology and an NFC tag on the bottom
right corner on a small plastic lid. NFC tags can

2 As BPMN does not support the modeling of physical
devices, we opted to model the care utilities as input data
objects at the tasks where they are used.

be applied on nearly any surface, are small, and
are cheap to be produced. Every time a care utility
equipped with such an NFC tag gets swiped in
front of the NFC reading device, a message is
sent.

To realize this, tag readers are built into the
nursing home residents’ beds. Every tag reader is
associated with the bed of one specific resident.
Every time the reader detects a tag, it tries3 to
find a matching active task in the residents’ care
process, marks it as finished and documents the
occurrence with a timestamp and the care utility.
This can effectively reduce the time a nurse needs
for the documentation of a resident and improve
the quality of the documentation at the same time.

In order to design and implement the envisioned
process-aware solution with all the required arti-
facts we apply the Design Science Research (DSR)
methodology (Peffers et al. 2008). We consider
DRS as suitable as “DSR intends to generate
design knowledge, that is, knowledge about inno-
vative solutions to real-world problems” (Brocke
and Maedche 2019). At first, we elaborate require-
ments on the intended solution based on selected
use cases from the care domain. These use cases
are derived from interviews with experts in the

3 if no task is found, the activity for the resident is logged
with a note that it was either an emergency or an error.
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Figure 2: Resident bed equipped with NFC reader and an NFC tag on a small plastic lid.

care domain. The artifacts, in turn, are elaborated
based on the requirements and evaluated through
a prototypical implementation (feasibility) and
interviews with domain experts (effectiveness). A
summary of the acquired knowledge is presented
in the conclusion based on a DSR matrix (Brocke
and Maedche 2019). Note that this work is a re-
vised and extended version of (Stertz et al. 2017).
The extension includes a more comprehensive set
of use cases, a more detailed and comprehensive
solution design, and the automatic generation of
paper-based documentation based on the logs.
The remainder of the paper is structured as
follows: Sect. 2 provides background informa-
tion on NFC technology together with justifica-
tion to employ NFC technology in the envisioned
process-aware care solution. The conceptual so-
lution based on nine care use cases is presented
in Sect. 3. Sect. 4 describes the architecture of a
process-aware care solution and Sect. 5 presents
its implementation and various design choices.

The evaluation of the proposed solution is pro-
vided in Sect. 6. The initial solution has been
designed and realized for the care domain. As
discussed in Sect. 7 can be transferred to other
application domains such as manufacturing and
logistics. Related work is discussed in Sect. 8.
Sect. 9 provides a summary and outlook to future
work.

Overall, the results are promising. The evalua-
tion indicates that automatic task completion and
documentation can be widely applied in the care
domain. Moreover, based on the assessment of
the experts, the documentation time per nurse can
be decreased by more than 60% on average.

2 Background on NFC technology

In order to tackle RQ1 and RQ2, particularly with-
out disturbing nurses or residents, each care utility
has to provide information about its existence and
potentially its state. Near Field Communication
(NFC) is one of the technologies for sending and
receiving data wireless in close range. Alternative
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