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Abstract

Background: User mobility is an important aspect of the development of clinical information systems for health care professionals.
Mobile phones and tablet computers have obtained widespread use by health care professionals, offering an opportunity for
supporting the access to patient information through specialized applications (apps) while supporting the mobility of the users.
The use of apps for mobile phones and tablet computers may support workflow of complex tasks, for example, molecular-based
diagnostic tests in clinical microbiology. Multiplex Blood Culture Test (MuxBCT) is a molecular-based diagnostic test used for
rapid identification of pathogens in positive blood cultures. To facilitate the workflow of the MuxBCT, a specialized tablet
computer app was developed as an accessory to the diagnostic test. The app aims to reduce the complexity of the test by step-by-step
guidance of microscopy and to assist users in reaching an exact bacterial or fungal diagnosis based on blood specimen observations
and controls. Additionally, the app allows for entry of test results, and communication thereof to the laboratory information system
(LIS).

Objective: The objective of the study was to describe the design considerations of the MuxBCT app and the results of a
preliminary usability evaluation.

Methods: The MuxBCT tablet app was developed and set up for use in a clinical microbiology laboratory. A near-live simulation
study was conducted in the clinical microbiology laboratory to evaluate the usability of the MuxBCT app. The study was designed
to achieve a high degree of realism as participants carried out a scenario representing the context of use for the MuxBCT app.
As the MuxBCT was under development, the scenario involved the use of molecular blood culture tests similar to the MuxBCT
for identification of microorganisms from positive blood culture samples. The study participants were observed, and their
interactions with the app were recorded. After the study, the participants were debriefed to clarify observations.

Results: Four medical laboratory technicians, for example, representative of end users of the app, participated in the clinical
simulation study. Using the MuxBCT app, the study participants successfully identified and reported all microorganisms from
the positive blood cultures examined. Three of the four participants reported that they found the app useful, while one study
participant reported that she would prefer to make notes on paper and later enter them into the LIS.

Conclusions: The preliminary usability evaluation results indicate that use of the MuxBCT tablet app can facilitate the workflow
of the MuxBCT diagnostic test.

(JMIR mHealth uHealth 2016;4(1):e20)   doi:10.2196/mhealth.5041
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Introduction

Health Care Workers and Mobile Technology
Support of user mobility is an important aspect to consider when
developing clinical information systems (CIS) [1-3]. Physicians
and nurses continuously move between offices, wards, patients,
and workstations while conducting their work. Other employees
such as laboratory workers are also mobile in their work, as
they move between labs, specialized equipment, and offices to
acquire and report laboratory results [4]. With the ongoing trend
of increased digitization of information in health care and thus
a move away from paper documentation, this sets a requirement
for clinical staff being able to access CIS while away from
workstations.

In recent years, mobile devices in the form of mobile phones
and tablet computers have become almost ubiquitous in daily
life and their use has spread to clinical settings [5-7]. The mobile
devices are generally lightweight, intuitive to use, and contain
powerful data processing abilities. Thus, they offer a potential
solution for providing the necessary access to CIS, while
supporting the mobility requirements of health care
professionals. While mobile phones and tablet computers are
seeing more widespread use by health care professionals in
clinical settings, there is still a need for more research to
discover and document the benefits and potential difficulties
these mobile devices may bring to particular applications (app)
[7,8].

Mobile phones and tablet computers offer an interesting option
for providing workflow assistance and guidance of complex
tasks. For example, in clinical laboratories the development of
specialized apps may facilitate the workflow of preparing,
interpreting, and reporting results of diagnostic tests. In clinical
microbiology, many new diagnostic tests have been developed
in recent years that allow for rapid identification of
microorganisms that cause bloodstream infections [9]. Many
of these tests are based on molecular biology techniques and
have the potential for providing more specific results in a shorter
time than current tests. However, the molecular tests are often
more complex to use compared to the conventional techniques
and therefore may require more skill from the operators [10].

Multiplex Blood Culture Test
Multiplex Blood Culture Test (MuxBCT) (AdvanDx, Woburn,
MA, USA) is a new blood culture diagnostic test under
development based on the molecular technique fluorescence in
situ hybridization (FISH). The MuxBCT uses
fluorescence-labeled, peptide nucleic acid (PNA) probes that
bind to specific DNA targets in microorganisms, which can
then be detected by fluorescence microscopy. Like other
molecular diagnostic tests, the MuxBCT involves more
complexity than conventional methods used for blood culture
diagnostics in clinical microbiology. To reduce the time required
for data capture, test interpretation, and results reporting, a

MuxBCT tablet computer app was developed as a research
project. The aim of the app is to reduce the complexity of the
diagnostic test by guiding the user, for example, a medical
laboratory technician (MLT), stepwise through the diagnostic
test and the interpretation process of the MuxBCT diagnostic
test. Additionally, the app will allow users to report results
directly to the Laboratory Information System (LIS).

In this study, we describe the system design and development
considerations for the MuxBCT tablet app, and we report the
results of a preliminary usability evaluation of the MuxBCT
app.

The Multiplex Blood Culture Test App

App Description
The MuxBCT app has been developed as a research project and
functions as an accessory tool to facilitate the use of the
MuxBCT diagnostic test. The app was developed based on
requirements set through observations of the workflow during
blood culture analysis in a clinical microbiological laboratory
[4]. End users have been involved in the development life cycle
of the MuxBCT app, for example, by identifying flaws in a
prototype of the app through a participatory heuristic evaluation
[11]. The app is integrated with the LIS in use at the Department
of Clinical Microbiology (DCM) at Aalborg University Hospital,
Denmark. The LIS integration of the app is important for clinical
use, as a lack of an integration would require reentry of test
results and likely lead to an inefficient and more error-prone
workflow [12]. The MuxBCT app is developed as a native app
for the Android operating system and has been designed to
support 10.1-inch tablet computers.

When using the app, users must initially complete a sample
setup (Figure 1 shows this), where the sample identification
number is entered into the app. The sample identification
number can optionally be entered via a barcode reader. The
entered sample identification number is used to retrieve relevant
clinical information about the patient and that sample from the
LIS, which is then displayed to the user. The user selects one
or more positive blood cultures for analysis. The Kit ID (lot
information) for each MuxBCT diagnostic test used must be
entered for each selected blood culture. The lot information is
stored for quality control purposes.

The MuxBCT diagnostic test is divided into 10 different analysis
areas (wells). In most cases, a classification well followed by
three identification wells will need to be examined. The user
will start fluorescence microscopy with a classification well
and will be prompted to enter the findings into the app through
the use of multiple choice questions. The app has an algorithm
that guides users to analyze only relevant wells based on
observations entered for the classification well. During analysis
of the selected identification wells (Figure 2 shows this), the
user will again enter observations via multiple choice questions.
In the user interface, users can choose to display reference
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images of the same type of fluorescent microorganism to assist
them in analyzing their observations.

When the user has completed the test analysis, a result summary
of any microorganism findings, for example, a bacterium finding
and a yeast finding, will be displayed to the user. Once the user
has submitted the analysis result, it becomes available for all
relevant staff through the LIS. The user also has an option to
enter notes along with the result, which will either be visible
for all clinical staff or only staff in the clinical microbiology

laboratory. Until the result is submitted to the LIS, users can
go back in the app and revise any entered data.

The app offers a training mode where fictitious data are
generated and displayed to the user. In the training mode, no
data are communicated between the LIS and the tablet app. The
training mode allows users to become familiar with the app
before they use it to facilitate the analysis of positive blood
culture samples.

Figure 1. Sample screenshot of the Multiplex Blood Culture Test (MuxBCT) app showing the initial sample setup where a sample ID is entered into
the system, data are retrieved from the Laboratory Information System (LIS), and displayed in the app. The patient information displayed in the image
is fictitious.
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Figure 2. Sample screenshot of the Multiplex Blood Culture Test (MuxBCT) app showing data entry of test results acquired through fluorescence
microscopy of the MuxBCT diagnostic test. The patient information displayed in the image is fictitious.

System Architecture
The MuxBCT system consists not only of a tablet computer
with the MuxBCT app, but also of a server with a MuxBCT
server app (Figure 3 shows this). The MuxBCT server
communicates with the LIS of the clinical microbiology
laboratory. Additionally, the tablet app supports the use of a
Bluetooth barcode scanner as an accessory for the MuxBCT
app to reduce the potential for data entry errors [13]. Once the
scanner is connected, it allows for data entry by scanning sample
identification barcodes. The MLTs interact directly with the
MuxBCT tablet app during analysis of a MuxBCT diagnostic
test.

The app exchanges data with a MuxBCT server, which is
integrated with the LIS. The server processes any results

received by the tablet app, so that the data can be exchanged
with the LIS. The server app communicates with the LIS to
receive patient information relevant to the sample being
analyzed and to store results of the MuxBCT diagnostic test in
the LIS. Once data have been transmitted to the LIS, they
become available for clinical microbiologists, who can access
it through the LIS. The clinical microbiologists can then
communicate the results to a patient’s treating physician to
optimize the patient’s treatment. When the DCM has approved
the results in the LIS, the results become available from the
electronic health records system through LIS integration.

A database is associated with the MuxBCT server, which is
used to store test results. This allows data to be reviewed for
quality assurance purposes. Additionally, user interactions with
the system are logged in the MuxBCT database.

Figure 3. Overview of the Multiplex Blood Culture Test (MuxBCT) system design. The medical laboratory technician (MLT) will use the MuxBCT
app for facilitation of the MuxBCT diagnostic test. The MLT can use a wireless barcode scanner to enter barcodes into the tablet app. Clinical
microbiologists can access the MuxBCT results through the LIS. The HTTPS protocol is used to ensure encrypted communication of data. The arrowheads
indicate direction of data flow. Dashed lines in the figure indicate wireless connections.
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System Security
Because of an inherent risk of tablet computers more easily
being misplaced or stolen than regular workstation computers,
several security design considerations have been built into the
MuxBCT app, which aims to keep patient data secure and
private (Figure 4 shows this). The security design considerations
are divided into three categories: user security, device security,
and data security.

The user security design considerations consist of user
authentication and of logging user interactions. To gain access
to the functionality of the MuxBCT app, a user must provide a
username and password, which must then be successfully
authenticated. Additionally, any user interaction that provides
access to patient information will be saved as a log entry in the
MuxBCT server’s database. This enables an audit functionality,
where any potential misuse of the system can be tracked, and
users can be held accountable for their actions.

The device security is based upon not storing any data locally
on the tablet computer and automatically logging out inactive
users. To prevent potential patient data leaks, the app is designed
to store data only temporarily in the memory of the tablet
computer while the MuxBCT app is being used. Once a user
completes a task with the app, any information related to that
task is cleared from the tablet computer. If any users are inactive
for more than a predefined period, for example, 20 minutes, the
system will automatically log the user out of the system. The
user will then have to authenticate again if she wishes to resume
using the MuxBCT app. The system administrator can adjust
the inactivity period that must pass before a user is logged out
of the system.

Letting the tablet app exchange data with the MuxBCT server
only through the hospital’s secure Wi-Fi network ensures data
security. Additionally, all data communication is protected with
encryption that relies on the HTTPS protocol (Figure 3). By
encrypting the Bluetooth connection, data entered using an
accessory Bluetooth barcode scanner are protected.

Figure 4. Overview of the security design considerations that in unison protect the patient information of the Multiplex Blood Culture Test (MuxBCT)
application (app). It is a requisite that the security considerations are implemented before the deployment of the MuxBCT app. Wi-Fi is the local wireless
network.

Methods

Study Design
To gain insights about the use of the MuxBCT app, a
preliminary usability evaluation was conducted at the DCM at
Aalborg University Hospital. This allowed the app to be tested
in its normal context of use. The evaluation was structured as
a clinical simulation study and aimed for a high degree of
realism. The study took place within normal working hours at
the DCM, which meant that normal minor background
disturbances occurred, which further aided in making the study
a near-live simulation for the participants. A scenario of use
with a focus on realistic tasks was developed in cooperation
with staff at the DCM, where the MuxBCT app was used to
support result interpretation and data entry of FISH-based blood
culture diagnostic tests. A pilot study was conducted with one
MLT to validate the study design before the main study took
place.

The study aimed to recruit 4-5 participants, which is commonly
used as a cost-efficient approach for finding usability problems

through usability evaluation methods [14]. An informational
flyer about the study was presented to the MLTs of the DCM.
For inclusion in the study, participants were required to have
prior experience with blood culture analysis. Potential
participants were excluded if they had any prior experience with
MuxBCT or the MuxBCT app prototype. A senior staff member
of the DCM handled selection of participants for the study, with
a goal of achieving a mixed level of seniority among the
participants. The participants were compensated for their time.

At the onset of each study session, the participants were
introduced to the concept of the MuxBCT diagnostic test and
the accessory tablet app. The first author acted as test leader
during the study and provided the users with instruction and
training. The study participants then participated individually
in a MuxBCT app training session lasting roughly 10 minutes.
The training session followed a structured approach so each
participant had the same introduction to the app. If the study
participant was not familiar with tablet computers and the
Android operating system, they were given a brief introduction
to this. Once the participant was comfortable with the tablet, a
scenario of use of the MuxBCT app was described for the
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participant. Each participant carried out 5 predefined tasks using
the MuxBCT app. The 5 tasks were divided into 24 steps, for
which they received instructions to complete one at a time. If
the participant was stuck on a step, they were allowed to ask
questions and to receive help from the test leader.

During the study, the participants were not offered any
assistance in the interpretation of diagnostic test results or in
the use of the app. The participants were asked to think-aloud
during the study. After the study, the participants were debriefed
in a short interview that followed a semistructured approach,
which was based on the observations made by the test leader
during the study.

The test leader acted as an observer during the study and took
notes of the participants’ interactions with the tablet app and
the diagnostic tests. Furthermore, all interactions with the tablet
app were recorded as a video file with the Android app
Recordable, where user interactions with the app, for example,
touch gestures, were saved as an overlay on the video. Audio
was recorded using a dictation machine and by the built-in
microphone of the tablet computer. The video and audio files
were transferred to a computer and synchronized, allowing for
analysis of the study results.

The debriefing interviews and the audio data from the users’
interaction with the app were analyzed by coding the data
through the process of meaning condensation and categorization
followed by an interpretation of the processed data [15]. An
inductive approach was used in the analysis of video data, which
was supported by the audio data of users thinking aloud during
their interaction with the app. Different types of events were
coded in categories based on their characteristics. Once
structured into themes and categories, the data were summarized,
which allowed for an analysis of the total time spent for
MuxBCT analysis. In addition, the structured data were
interpreted, which allowed for identifying the users’perspectives
about potential difficulties when interacting with the app.

Materials
The MuxBCT diagnostic test was undergoing development at
the time of the study. While the general concepts of the test
were fully designed, it was not ready for use in a clinical
microbiology laboratory. Therefore, the MuxBCT was
unavailable at the time of the study. Instead, MuxBCT was
simulated by using the QuickFISH Enterococcus and QuickFISH
Candida (AdvanDx, Woburn, MA, USA) tests. The QuickFISH
tests are predecessors to the MuxBCT and require the same
fluorescence microscopy analysis to interpret test results, but
each QuickFISH test identifies fewer microorganisms. By using
the QuickFISH tests, two out of ten analysis wells of the
MuxBCT were simulated. The use of the two QuickFISH tests
necessitated that the study participants changed the microscopy
slide once during the analysis phase. As part of the training
session, it was explained to the participants that the QuickFISH
tests were used to simulate the MuxBCT.

A senior MLT who had been involved in the MuxBCT app
development process assisted in the study by helping with the
preparation of the QuickFISH tests. Additionally, the senior
MLT inoculated samples drawn aseptically from blood culture

bottles negative at termination of incubation (BacT/Alert,
bioMérieux, Marcy l’Etoil, France) with the bacteria,
Enterococcus faecalis or Enterococcus faecium, and the yeasts,
Candida albicans or Candida glabrata, so that each sample
grew two of these microorganisms. Each study participant was
assigned a random blood culture sample to analyze using the
QuickFISH test kits. The study participants were kept blinded
to the microorganisms in their assigned blood culture sample.

For the study, the MuxBCT app was installed on a Samsung
Tab Pro 10.1-inch tablet computer (Samsung Electronics, Seoul,
Korea) running Android 4.4.2. All text in the app was in Danish,
the first language of the study participants. The tablet was
connected to a CHS 7DiRx 1D Bluetooth barcode scanner
(Socket Mobile, Newark, CA, USA) and the hospital’s secure
Wi-Fi network. Access to the secure Wi-Fi network was
approved by the hospital’s Information Technology Department
before the study took place.

In preparation for the study, the MuxBCT app was connected
to the MuxBCT server. However, because the study was a
simulation, the MuxBCT server was not connected to the LIS
during the study, but instead returned realistic, fictitious patient
data to the tablet app. All MuxBCT analysis results were sent
to the server and saved in the associated database for later
validation.

Results

Study Participants
There were four MLTs that participated in the clinical simulation
study, which was conducted in one day at the DCM. All study
participants were female. The mean age of the study participants
was 37 years, and the mean experience in blood culture
diagnostics was 7 years (range 3-14 years). There were three
participants that described their skill level with fluorescence
microscopy as practiced, while one described her skill level as
novice. All participants described themselves as experienced
in the use of mobile phones and tablet computers based on
personal use outside the clinical microbiology department. The
study spanned across several rooms in the clinical microbiology
department. Preparation of the QuickFISH molecular tests took
place in one room with specialized equipment primarily for
molecular diagnostics. The interpretation of the tests required
fluorescence microscopy and took place in a dark room that
was located near the first room. Training and debriefing took
place in a larger room in the department, where there was little
activity and few potential disturbances.

Participant Results
All participants correctly identified all microorganisms in the
simulated blood culture samples. The participants correctly
entered their findings into the MuxBCT app and submitted them
to the MuxBCT server. The analysis results were retrieved from
the database of the MuxBCT server to verify that they had been
transmitted successfully. It was confirmed that all results were
stored correctly in the database. On average, the analysis of the
blood culture sample and data entry of the results into the
MuxBCT app took 10.2 min (range 6.5-16.0 min).
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All results were entered correctly on the first attempt. However,
when two participants attempted to mark their findings, they
initially changed the reference image being displayed instead;
this was the result of clicking on the microscope icon associated
with each possible finding instead of marking the checkboxes
corresponding to their findings (Figure 4). Both participants
noticed that they had not entered the results and marked their
findings successfully before continuing.

During the debriefing interview, three participants expressed
that they found the system useful. A participant noted that she
would prefer to continue making notes of analysis results on
paper and entering them later into the LIS at a workstation. The
main reasoning behind this was that the text on the tablet
computer was too small to read during data entry (Figure 4).
Another participant also expressed an interest in larger text on
the app. Both of these participants wore glasses, which they
would remove during use of the fluorescence microscope.

It was observed for all participants that they made only minor
use of the reference images displayed during data entry. When
prompted about this during the debriefing, two participants
explained that the reference images were not needed during the
study, as the samples being analyzed by fluorescence
microscopy provided a clear picture. They remarked that the
reference images would be useful in cases where the
fluorescence signal was less clear. A participant noted that the
reference images would likely be most valuable for users with
limited experience in fluorescence microscopy.

All participants used the barcode scanner successfully to enter
sample identification data into the app. A participant initially
had troubles entering the sample identification with the barcode
scanner because the relevant input field had not been selected
before the barcode was scanned (Figure 4). Throughout the
study, the Bluetooth barcode scanner functioned without loss
of connection to the tablet computer. There were three
participants that expressed that the mobility of the tablet in
combination with the barcode scanner was satisfactory; however,
one participant suggested that a slightly smaller tablet computer
could be used.

The majority of the app’s security features were enabled and
used successfully during the study. The user authentication was
not enabled, as study participants logged in with fictitious user
data. Additionally, the user inactivity detection was not enabled
in the app, as the study participants were not involved in normal
job functions during the study, and thus there was no risk of
inactivity for long periods. During the study, there were no
issues with loss of connection to the Wi-Fi network at the DCM.

Discussion

Principal Results
The MuxBCT tablet app was developed as a research project
for the facilitation of the MuxBCT diagnostic test that is
designed for rapid identification of bacterial and fungal
pathogens in positive blood cultures. This study describes the
MuxBCT app and a preliminary usability evaluation of the
MuxBCT tablet app based on a clinical simulation study
conducted at a clinical microbiology laboratory. The MuxBCT

diagnostic test is intended to provide fast and accurate
identification of microorganisms causing bloodstream infections,
allowing the physician to treat with more appropriate
antimicrobials sooner. However, the use of molecular diagnostic
tests such as MuxBCT involves a more complex workflow than
conventionally used methods of analysis [10]. Specialized apps
such as the MuxBCT app may facilitate the workflow of
diagnostic tests in the clinical laboratory, which can lead to a
more accurate and faster result. In the case of treating patients
with severe sepsis, this is critical, as each hour of delay in the
administration of an effective antimicrobial treatment is
associated with a decrease in survival rate [16]. While some
specialized apps may be more suitable for use on existing
workstation PCs, which are commonly distributed throughout
clinical laboratories, this is not a practical solution for the
MuxBCT app, as MuxBCT requires use in a dark room due to
the use of fluorescence microscopy for reading the test results.
As the app is designed to guide users through the interpretation
process in a stepwise manner, the app needs to be accessible
directly from the location where the test is being analyzed. The
results of this study indicate that although there were some
usability issues for the users to interact with the tablet in the
dark room, the app was viewed as a useful adjunct to this kind
of test and that the light from the tablet did not disturb the
analysis process.

All participants in the study managed to correctly identify and
report the microorganisms from the blood culture samples they
examined. The foundation for the use of the app was a short
training session. The participants were able to use the MuxBCT
app for guidance during the examination of the QuickFISH
molecular diagnostic tests. The QuickFISH tests with the same
detection method were used to simulate the MuxBCT, which
was still undergoing development at the time of the study. The
initial classification well could not be simulated by use of
QuickFISH tests in a realistic manner, so, as a compromise, the
participant received instructions of what findings to input for
this well. The classifier is a molecular equivalent to the classical
Gram stain with minor differences in distinction between
bacterial groups. Common use of the MuxBCT would require
analysis of the classifier well followed by analysis of three
identification wells. The analysis of additional identification
wells is only necessary when the results from the classification
well indicate a polymicrobial bloodstream infection.

The participants were able to access the necessary clinical
information they required during the test without having to
access the LIS using a workstation. Additionally, all participants
successfully made use of the barcode scanner during the study.
During the debriefing interviews, three out of four participants
expressed that they found the system useful. A participant
expressed a preference for writing the results on paper, for
example, like the normal workflow during blood culture
analysis, and later entering the results into the LIS. Some
usability issues were noted during the study, but overall the
usability evaluation found that the MuxBCT app was a reliable
tool for facilitating the workflow of the MuxBCT diagnostic
test, as all participants managed to correctly interpret, enter,
and communicate the test results.
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The results of the study have led to some updates of the
MuxBCT app. The main structure of the app has not been
changed; however, several changes have been made to improve
the user interface of the app. For example, the font size has been
increased throughout the app, making text more easily readable,
and the check boxes where users mark their findings of
microorganisms have been increased in size.

Based on the results of the development process and this study,
we believe that the involvement of clinical microbiology staff
in the development and evaluation processes of the MuxBCT
app has led to an improved quality of the app. In general, there
is a growing focus on the need for involvement of medical
professionals throughout the entire app development process
to ensure the quality of the app and to prevent possible patient
harm [17].

The structure of the study was a near-live clinical simulation
that aimed for a high degree of realism. The study was
conducted in a clinical microbiology laboratory using simulated
blood culture samples, molecular diagnostic tests, and
fluorescence microscopy. The combination of these factors
allowed the MLTs in the study to carry out their analysis with
minimal assistance from the test leader. This provided findings
about the usability of the system, which may not have been
discovered if other usability evaluation methods had been
applied. The use of a think-aloud protocol may have detracted
from the realism of the study. However, this did not seem to
cause any issues during the study. Furthermore, the think
aloud-protocol was necessary to gain knowledge of the
fluorescence microscopy observations and to confirm that the
participants entered their observations correctly. The realism
of the study may have been further diminished by a senior MLT
assisting with the preparation of the QuickFISH tests and by
the test leader observing the participants during the study, but
this did not affect the context of use for the MuxBCT tablet app.
Therefore, it is unlikely that it had any large impact on the
results of usability evaluation.

A challenge in selecting a device for the MuxBCT app was to
ensure mobility of the system, while providing enough screen
space for displaying the necessary information clearly and
allowing for easy input of data. The mobility of the system was
tested as the study spanned several rooms in the clinical
microbiology laboratory. Although the app has been designed
for use on a 10.1-inch tablet computer, two of the study
participants noted that they would prefer text size in the app to
be increased. In regards to the mobility of the system, three
study participants noted that they found the mobility of the
system adequate, while one study participant would prefer a
smaller tablet computer. It may be possible to redesign the app
to support a slightly smaller tablet computer, while increasing
the text size. However, this requires a careful redesign of the
graphical user interface.

While the MuxBCT app was not connected to the LIS during
this study, it was connected to the MuxBCT server. This meant
that it was possible to test communication of test results and to
validate that they were transferred correctly. To simulate LIS
connectivity, fictitious patient data were returned by the
MuxBCT server. The data were visible by the participant within

the app during the study, which helped to ensure a high degree
of realism. If the system had been connected to the LIS, it may
have induced some additional delays during use of the app while
data was being transferred. However, any such delays would
only affect test setup and result reporting and would not have
changed the evaluation of how the MuxBCT app aided in the
analysis and interpretation of test results, as these steps of the
MuxBCT app do not require communication with the LIS.

Data security of patient information is an important factor to
consider in the development of apps for mobile phones and
tablets [18,19]. To secure the privacy of patient information,
several security related features were built into the MuxBCT
app. The design of security features for the MuxBCT app has
a high similarity to those described by Landman et al used in
the implementation of the CliniCam mobile phone app [19].
While the MuxBCT app required access to the hospital’s
protected Wi-Fi network for use, the participants did not
experience any loss of connectivity during the study. As clinical
laboratories are of fixed dimensions, it should be a manageable
task to setup adequate Wi-Fi coverage throughout an entire
laboratory. Other mobile device apps for facilitation of clinical
workflow may experience challenges with sufficient Wi-Fi
network coverage, as larger areas need to be covered [18,19].

Future development on the MuxBCT app could include the
functionality to directly communicate test results electronically
to selective stakeholders, for example, the patient’s treating
physician or to clinical microbiologists within the DCM. This
could potentially reduce errors related to communication of test
results and reduce the total test turnaround time [20,21]. Future
evaluation studies will be required to see how the MuxBCT app
affects the use of the MuxBCT diagnostic test once both are put
into daily use in a clinical microbiology laboratory. It should
be stressed that the current iteration of the MuxBCT app was
developed as a research project. If future development of the
MuxBCT app aims to prepare it for commercialization and
regular use in a clinical microbiology laboratory, the app must
conform to national regulatory requirements governing medical
devices.

Limitations
A significant limitation of this study is the low number of study
participants. Each participant, who was an expert in the field of
use for the MuxBCT app, conducted an analysis of a positive
blood culture sample with two microorganisms. This allowed
for a total of 8 microorganisms being successfully identified.
While this number is too low to accurately determine the quality
of MuxBCT diagnostic test results being facilitated by the
MuxBCT app, these results in combination with the results from
observations and debriefing interviews provided an insight into
the usability of the MuxBCT app.

The realism of the study was also diminished to some degree
by the MuxBCT diagnostic test being unavailable for the study.
The test was substituted with the QuickFISH tests, and as there
is a high coherence between the QuickFISH tests and the
MuxBCT, it is unlikely that this had a significant impact on the
study results.
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The results of the clinical simulation cannot be generalized, as
they are specific to the MuxBCT app being evaluated. However,
our study results indicate that a clinical simulation is a valuable
tool for evaluating the usability of a mobile device app that aim
to support clinical workflow. Other developers and implementers
may find this as an effective tool to use preimplementation. The
system design of the MuxBCT app and the considerations of
security features may inspire the design choices of other mobile
apps being developed for clinical use. However, their effect
should be evaluated through a full system implementation in
daily clinical workflow.

Related Work
To our knowledge, there has not been any previous publication
describing the use of a mobile phone or tablet computer app for
facilitating the use of a diagnostic test in a clinical laboratory.
However, the use of mobile phone or tablet computer apps
designed for use by health care professionals in clinical settings
is becoming increasingly common [7,8,18,19,22].

There is a growing interest in clinical simulation studies as a
tool for evaluating usability of hospital information technology
(HIT) [23,24]. It is a common goal of simulation studies to
create a near-live simulation, which requires a setting
representative to where the system will be used [1,23,25,26].
While most clinical simulation studies focus on the evaluation
of stationary HIT, some simulation studies have been used to
examine the usability of HIT designed for use on mobile devices
[27,28]. This study differentiates itself from previous clinical
simulation studies, as it took place in a clinical laboratory. This
meant that the context of use for the system being evaluated did
not involve patient contact, but involved a focus on the

diagnostic test laboratory analysis process, which included a
focus on the use of laboratory equipment as part of the user
workflow. A realistic simulation of the use of specialized
laboratory equipment may be difficult to achieve outside an
actual clinical laboratory.

Conclusions
The MuxBCT tablet computer app facilitates the workflow of
a novel molecular diagnostic test using PNA FISH technology
for blood culture analysis and was developed with system
flexibility and security of patient data as high priorities. The
app was developed based on previous analysis of user
requirements. However, additional functionalities such as user
authentication and user inactivity detection were added to create
a secure app. The security features are vital to protect patient
data. A preliminary usability evaluation was conducted as a
clinical simulation study in a clinical microbiology laboratory.
The study aimed to provide a high degree of realism by having
end users conduct fluorescence microscopy of molecular
diagnostic tests employing available PNA FISH technology,
while using the MuxBCT app to facilitate the workflow. The
study results indicate that users can successfully use the app to
facilitate the MuxBCT diagnostic test workflow. All diagnostic
test results were interpreted, entered, and communicated
successfully to the MuxBCT server with use of the MuxBCT
tablet app, which validates the system design considerations.
The study provided useful feedback on the app usability, for
example, in regards to font size and tablet size. The clinical
simulation method can be a valuable tool for evaluating the
usability of mobile apps intended for clinical use, as the method
provides insights into complex use case scenarios where context
of use is important.

 

Acknowledgments
This work has been supported by a grant from the Danish National Advanced Technology Foundation (Højteknologifonden). We
gratefully acknowledge the staff at the DCM at Aalborg University Hospital who assisted us in the study. The compensation for
participation in the study was covered by the grant from the Danish National Advanced Technology Foundation.

Authors' Contributions
MM and MF contributed to the study by participating in the design of the tablet app, by providing feedback on the study design
of the preliminary usability evaluation, by contributing to the discussion of results, and by revising the manuscript.

Conflicts of Interest
AdvanDx employs MM and MF. To avoid any potential conflicts of interest, MM and MF were not directly involved in data
collection and data analysis.

References
1. Bardram JE, Bossen C. Mobility work: The spatial dimension of collaboration at a hospital. Comput Supported Coop Work

2005 Apr;14(2):131-160. [doi: 10.1007/s10606-005-0989-y]
2. Ammenwerth E, Buchauer A, Bludau B, Haux R. Mobile information and communication tools in the hospital. Int J Med

Inform 2000 Jan;57(1):21-40. [Medline: 10708253]
3. Chatterjee S, Chakraborty S, Sarker S, Sarker S, Lau FY. Examining the success factors for mobile work in healthcare: A

deductive study. Decision Support Systems 2009 Feb;46(3):620-633. [doi: 10.1016/j.dss.2008.11.003]
4. Samson LL, Pape-Haugaard LB, Søgaard M, Schønheyder HC, Hejlesen OK. Exploring end users' system requirements

for a handheld computer supporting both sepsis test workflow and current IT solutions. Stud Health Technol Inform
2013;192:524-528. [Medline: 23920610]

JMIR mHealth uHealth 2016 | vol. 4 | iss. 1 | e20 | p.9http://mhealth.jmir.org/2016/1/e20/
(page number not for citation purposes)

Samson et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1007/s10606-005-0989-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10708253&dopt=Abstract
http://dx.doi.org/10.1016/j.dss.2008.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23920610&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Katz-Sidlow RJ, Ludwig A, Miller S, Sidlow R. Smartphone use during inpatient attending rounds: Prevalence, patterns
and potential for distraction. J Hosp Med 2012 Oct;7(8):595-599. [doi: 10.1002/jhm.1950] [Medline: 22744793]

6. Sclafani J, Tirrell TF, Franko OI. Mobile tablet use among academic physicians and trainees. J Med Syst 2013 Feb;37(1):9903
[FREE Full text] [doi: 10.1007/s10916-012-9903-6] [Medline: 23321961]

7. Dexheimer JW, Borycki EM. Use of mobile devices in the emergency department: A scoping review. Health Informatics
J 2015 Dec;21(4):306-315. [doi: 10.1177/1460458214530137] [Medline: 24782479]

8. Mickan S, Atherton H, Roberts NW, Heneghan C, Tilson JK. Use of handheld computers in clinical practice: A systematic
review. BMC Med Inform Decis Mak 2014;14:56 [FREE Full text] [doi: 10.1186/1472-6947-14-56] [Medline: 24998515]

9. Liesenfeld O, Lehman L, Hunfeld K, Kost G. Molecular diagnosis of sepsis: New aspects and recent developments. Eur J
Microbiol Immunol (Bp) 2014 Mar;4(1):1-25 [FREE Full text] [doi: 10.1556/EuJMI.4.2014.1.1] [Medline: 24678402]

10. Stefani S. Diagnostic techniques in bloodstream infections: Where are we going? Int J Antimicrob Agents 2009;34 Suppl
4:S9-12. [doi: 10.1016/S0924-8579(09)70558-8] [Medline: 19931822]

11. Samson LL, Pape-Haugaard LB, Søgaard M, Schønheyder HC, Hejlesen OK. Participatory heuristic evaluation of a tablet
computer system for clinical microbiology. Stud Health Technol Inform 2014;205:910-914. [Medline: 25160320]

12. Rhoads DD, Sintchenko V, Rauch CA, Pantanowitz L. Clinical microbiology informatics. Clin Microbiol Rev 2014
Oct;27(4):1025-1047 [FREE Full text] [doi: 10.1128/CMR.00049-14] [Medline: 25278581]

13. Snyder SR, Favoretto AM, Derzon JH, Christenson RH, Kahn SE, Shaw CS, et al. Effectiveness of barcoding for reducing
patient specimen and laboratory testing identification errors: A laboratory medicine best practices systematic review and
meta-analysis. Clin Biochem 2012 Sep;45(13-14):988-998 [FREE Full text] [doi: 10.1016/j.clinbiochem.2012.06.019]
[Medline: 22750145]

14. Nielsen J, Mack R. Usability inspection methods. New York: Wiley; 1994.
15. Kvale S. Interview: En introduktion til det kvalitative forskningsinterview. KÃ¸benhavn: Hans Reitzels Forlag; 1997.
16. Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, et al. Duration of hypotension before initiation of effective

antimicrobial therapy is the critical determinant of survival in human septic shock. Crit Care Med 2006 Jun;34(6):1589-1596.
[doi: 10.1097/01.CCM.0000217961.75225.E9] [Medline: 16625125]

17. Visvanathan A, Hamilton A, Brady R R W. Smartphone apps in microbiology--is better regulation required? Clin Microbiol
Infect 2012 Jul;18(7):E218-E220 [FREE Full text] [doi: 10.1111/j.1469-0691.2012.03892.x] [Medline: 22563840]

18. Fleischmann R, Duhm J, Hupperts H, Brandt SA. Tablet computers with mobile electronic medical records enhance clinical
routine and promote bedside time: A controlled prospective crossover study. J Neurol 2015 Mar;262(3):532-540 [FREE
Full text] [doi: 10.1007/s00415-014-7581-7] [Medline: 25476692]

19. Landman A, Emani S, Carlile N, Rosenthal DI, Semakov S, Pallin DJ, et al. A mobile app for securely capturing and
transferring clinical images to the electronic health record: Description and preliminary usability study. JMIR Mhealth
Uhealth 2015;3(1):e1 [FREE Full text] [doi: 10.2196/mhealth.3481] [Medline: 25565678]

20. Bruins MJ, Ruijs Gijs J H M, Wolfhagen Maurice J H M, Bloembergen P, Aarts Jos E C M. Does electronic clinical
microbiology results reporting influence medical decision making: A pre- and post-interview study of medical specialists.
BMC Med Inform Decis Mak 2011;11:19 [FREE Full text] [doi: 10.1186/1472-6947-11-19] [Medline: 21447199]

21. Piva E, Sciacovelli L, Zaninotto M, Laposata M, Plebani M. Evaluation of effectiveness of a computerized notification
system for reporting critical values. Am J Clin Pathol 2009 Mar;131(3):432-441 [FREE Full text] [doi:
10.1309/AJCPYS80BUCBXTUH] [Medline: 19228648]

22. Park J, Lee G, Shin S, Kim JH, Han H, Kwon T, et al. Lessons learned from the development of health applications in a
tertiary hospital. Telemed J E Health 2014 Mar;20(3):215-222 [FREE Full text] [doi: 10.1089/tmj.2013.0192] [Medline:
23909863]

23. Kushniruk A, Nohr C, Jensen S, Borycki EM. From usability testing to clinical simulations: Bringing context into the design
and evaluation of usable and safe health information technologies. Contribution of the IMIA human factors engineering
for healthcare informatics working group. Yearb Med Inform 2013;8:78-85. [Medline: 23974552]

24. Landman AB, Redden L, Neri P, Poole S, Horsky J, Raja AS, et al. Using a medical simulation center as an electronic
health record usability laboratory. J Am Med Inform Assoc 2014;21(3):558-563 [FREE Full text] [doi:
10.1136/amiajnl-2013-002233] [Medline: 24249778]

25. Jensen S, Lyng KM, Pnøhr C. The role of simulation in clinical information systems development. Stud Health Technol
Inform 2012;180:373-377. [Medline: 22874215]

26. Li AC, Kannry JL, Kushniruk A, Chrimes D, McGinn TG, Edonyabo D, et al. Integrating usability testing and think-aloud
protocol analysis with "near-live" clinical simulations in evaluating clinical decision support. Int J Med Inform 2012
Nov;81(11):761-772. [doi: 10.1016/j.ijmedinf.2012.02.009] [Medline: 22456088]

27. Dahl Y, Alsos OA, Svanæs D. Evaluating mobile usability: The role of fidelity in full-scale laboratory simulations with
mobile ICT for hospitals. In: Human-Computer Interact New Trends. 2009 Presented at: HCI International 2009; July
19-24; San Diego p. 232-241. [doi: 10.1007/978-3-642-02574-7_26]

28. Svanaes D, Alsos OA, Dahl Y. Usability testing of mobile ICT for clinical settings: Methodological and practical challenges.
Int J Med Inform 2010 Apr;79(4):e24-e34. [doi: 10.1016/j.ijmedinf.2008.06.014] [Medline: 18789753]

JMIR mHealth uHealth 2016 | vol. 4 | iss. 1 | e20 | p.10http://mhealth.jmir.org/2016/1/e20/
(page number not for citation purposes)

Samson et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1002/jhm.1950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22744793&dopt=Abstract
http://europepmc.org/abstract/MED/23321961
http://dx.doi.org/10.1007/s10916-012-9903-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23321961&dopt=Abstract
http://dx.doi.org/10.1177/1460458214530137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24782479&dopt=Abstract
http://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-14-56
http://dx.doi.org/10.1186/1472-6947-14-56
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24998515&dopt=Abstract
http://europepmc.org/abstract/MED/24678402
http://dx.doi.org/10.1556/EuJMI.4.2014.1.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24678402&dopt=Abstract
http://dx.doi.org/10.1016/S0924-8579(09)70558-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19931822&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25160320&dopt=Abstract
http://cmr.asm.org/cgi/pmidlookup?view=long&pmid=25278581
http://dx.doi.org/10.1128/CMR.00049-14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25278581&dopt=Abstract
http://europepmc.org/abstract/MED/22750145
http://dx.doi.org/10.1016/j.clinbiochem.2012.06.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22750145&dopt=Abstract
http://dx.doi.org/10.1097/01.CCM.0000217961.75225.E9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16625125&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1198-743X(14)64577-8
http://dx.doi.org/10.1111/j.1469-0691.2012.03892.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22563840&dopt=Abstract
http://europepmc.org/abstract/MED/25476692
http://europepmc.org/abstract/MED/25476692
http://dx.doi.org/10.1007/s00415-014-7581-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25476692&dopt=Abstract
http://mhealth.jmir.org/2015/1/e1/
http://dx.doi.org/10.2196/mhealth.3481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25565678&dopt=Abstract
http://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-11-19
http://dx.doi.org/10.1186/1472-6947-11-19
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21447199&dopt=Abstract
http://ajcp.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=19228648
http://dx.doi.org/10.1309/AJCPYS80BUCBXTUH
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19228648&dopt=Abstract
http://europepmc.org/abstract/MED/23909863
http://dx.doi.org/10.1089/tmj.2013.0192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23909863&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23974552&dopt=Abstract
http://jamia.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=24249778
http://dx.doi.org/10.1136/amiajnl-2013-002233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24249778&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22874215&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2012.02.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22456088&dopt=Abstract
http://dx.doi.org/10.1007/978-3-642-02574-7_26
http://dx.doi.org/10.1016/j.ijmedinf.2008.06.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18789753&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
app: application
CIS: clinical information system
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