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Abstract Background This article describes the development and evaluation of a distributed user
interface (DUI) application to assess visuomotor organization ability. This application
enables therapists to evaluate the acquired brain injury (ABI) on patients, and patients, to
perform the assessment on a touch screen while therapists can observe the assessment
process in real time on a separatedmonitor without interfering patients during the process
as in traditional methodologies employing physical elements.
Objectives The main goal of this research is the evaluation of the quality in use of
DUIs in the Pegboard Construction assessment with patients with ABI from the
therapist perspective in the area of occupational therapy.
Methods To evaluate our system, we have performed a usability evaluation following
the ISO/IEC 25010 and ISO/IEC 25062 standards to evaluate software usability and
quality and it was conducted in collaboration with therapists and psychologists that
have previously worked with people with ABI in diagnostic and assessment tasks.
Results We show the results of the evaluation collected in a table that shows the
completeness rate for each user for both, assisted (i.e., the percentage of tasks where
participants performed with test director assistance) and unassisted tasks (i.e., the
percentage of tasks where participants completed tasks autonomously), the total time
participants required to complete proposed tasks, the number of mistakes participants
performed during the session, and the number of assists they required to finish
proposed tasks. In addition, we also evaluated the user satisfaction regarding our
application using the system usability scale.
Conclusion The use of information technologies in this field enables therapists to
perform these evaluations in a simpler, efficient, and automated way. This proposal
enables patients to perform the assessment as it is performed traditionally using paper
providing them with a touch screen in which they can easily insert a set of pins into the
holes. The usability evaluation of the proposal meets the appropriate design standards
for applications of this type, and this is demonstrated by the high degree of satisfaction
of the participants.
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Introduction

The purpose of thiswork is the development and evaluation of
the D-Pegboard Construction application. This application
employs a distributed user interface (DUI) to support the
Pegboard Construction assessment test, which enables thera-
pists to evaluate the degree of acquired brain injury (ABI) of
patients. This test is part of the set of the Loewenstein
Occupational Therapy Cognitive Assessment (LOTCA) battery
tests. In our opinion, information technologymust collaborate
with medicine, bringing advances and solutions for the diag-
nosis, evaluation and treatment of patients with ABI while
facilitating the work of therapists in this area. ABI involves
brain structures in peoplewho, having been bornwithout any
type of brain injury, suffer at a later time in their lives, brain
injuries that cause an impairment of cognitive, emotional,
behavioral, and/or physical functioning. As the statistics re-
flect, this type of injury represents a serious health problem,
mainly due to the large number of people affected (more than
400,000 in Spain), the duration of this type of injury, which is
usually chronic, and the severity and the variety of sequels. In
addition, it shouldbenoted that ABI represents themain cause
of disability in adults in developed countries.1

The causes of ABI are diverse.1 They include cranioence-
phalic trauma, stroke, anoxia or hypoxia, brain tumors, and
encephalitis of various etiologies, among many others.
►Fig. 1 shows a series of charts with the incidence and
prevalence of ABI in Spain.

The ABI can affect all areas of human functioning. The
affected area and the deficits presented by the affected
person, depend on the type of injury, the initial location,
and severity of the injury as well as the characteristics of
affected people such as age, personality, or abilities prior to
the injury. The sequels are grouped into four dimensions that
may, or may not, be present in the same person.2 These
groups of sequels are: physical-motor deficits, cognitive
deficits, alterations in communication, and behavioral
and/or emotional alterations.

Our solution focuses on the first stage of the brain injury
rehabilitation process where the assessment of ABI sequels
and the difficulties or deficits it produces are assessed. Thus,
we focused on the LOTCA battery as a starting point to
develop a digital platform capable of assisting therapists in
the diagnosis and assessment of ABI.

The development of this proposal was performed in
conjunction with the University of Granada, specifically
with the Faculty of Health and followed themodel presented
in the ISO/IEC 25062 standard for the evaluation of the
quality in use of software applications.

The LOTCA3 battery was developed as a technique to
measure basic cognitive abilities and visual perception in
adults with neurological disabilities. It provides an in-
depth assessment of basic cognitive skills which can be
used for treatment planning as well as for treatment
progress reviews.4 The LOTCA battery measures the basic
cognitive abilities required for daily functions including:

Fig. 1 Incidence and prevalence of ABI in Spain. ABI, acquired brain injury.
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orientation, visual perception and psychomotor skills,
problem solving abilities, and thought operations. The
development of this battery is based on information
obtained from clinical and neuropsychological experience
and development theories. Usually, LOTCA is used in the
initial stage of the assessment of patients; however, it can
be used to establish therapeutic goals and review the
cognitive status over time.5,6

Regarding the suitability of individuals, LOTCA can be
used with: patients who have had a stroke, cardiovascular
accident, elderly individuals with dementia, patients with
aphasia,7 individuals with traumatic brain injuries, and
individuals with intellectual disabilities7 andmental illness8

can also use it. In addiction an adapted version was devel-
oped for children with learning difficulties.9

The original version of LOTCA3was developed to be used for
individuals under 70 with neurological dysfunction and was
made up of 20 items grouped into four areas: Orientation, (two
items), perception(six items), visual-motororganization (seven
items), and thought operations (five items). It was standardized
for the Israeli population5,10 and it was suitable for use in the
populations of the United States.11 Regarding the assessment
time, LOTCA takes approximately 45minutes, with a range
between 30 and 90minutes.5,6

This work focuses on digitizing a test belonging to the area
of visual-motor organization, consisting of reproducing a
puzzle. In the test, 15 plastic nails are delivered to the patient
jointly with a board having 100 holes. The therapist provides
a pattern (a triangle) that the patient should imitate intro-
ducing the set of nails into the correct holes in the board. The
patient can obtain a score between 1 and 4, depending on
whether she/he can imitate the entire pattern without
errors, or not.

►Table 1 lists possible scoring for the test.

Objectives

Themain goal of this research is the evaluation of the quality
of use of DUIs in the Pegboard Construction assessment with
patients having ABI from the therapist’s perspective in the
area of occupational therapy. To achieve this goal, we set the
following objectives:

• Evaluate the impact of DUI paradigm in the diagnosis and
assessment of patients with ABI.

• Evaluate the impact of DUI paradigm in the development
of D-Pegboard Construction assessment.

• Evaluate the interaction of therapists in the assessment of
ABI using DUIs.

Artifact

The software artifact used to perform the Pegboard Con-
struction assessment exploits the DUI environment whose
foundations and architecture are explained in this section.

D-Pegboard Assessment Session
This section shows how the D-Pegboard application
works.►Fig. 2 shows a sequence diagram of the interactions
that occur between the therapist and the patient through the
application during an assessment session.

The application UI is divided into two parts according to
user’s roles (i.e., patient and therapist). On the one hand, the
patient UI enables patients to perform assessment actions.
On the other hand, the therapist UI enables therapist to
control assessment procedure aswell as patient’s assessment
development.

Therapist UI
From the therapist point of view, they access the application
and selects their role (i.e., “I am the therapist”). Once select-
ed, therapist’s UI is displayed. This UI enables therapists to a
new session or enables him to access previous session
information. When creating a new session, they can type,
or use the automatically generated identification for the
session, which is used to restore session information after-
ward. Finally, they introduce therapist and patient names.

Once a session is created, the UI displayed in ►Fig. 3 is
presented to therapists. This UI is divided into two parts: the
workspace UI (on the left) and the session control UI (on the
right).

Workspace The workspace UI is empty while patients are
not logged into the system. As soon they log into the system,
the UI shows two pegboards. While the figure to be repro-
duced by the patient is shown on the left; the figure that is
under construction by the patient is show on the right.
Therefore, as patients tap on the touch screen, the pins
that are introduced and removed from the pegboard are
displayed in the therapist’s display in real time too.

Session control Session control UI enables therapists to
start/end sessions, introduce session notes, and control
assessment session times using a digital chronometer.

Once the session is finished, statistical information such
as time of completion of the session, punctuation, observa-
tions, and so on, is stored into our system to be retrieved by
the therapist at any point of time.

Patient UI
Thus, UI supports patient activities during D-Pegboard as-
sessment sessions. When therapists create sessions, they set
up the patient UI for the target patient. To perform this task,
they select the “I am the patient” option from the application
mainmenu. Then, they introduced the session identifier they
generated while creating the session. Once this information
is introduced, patients are able to interact with the system
using the UI shown in ►Fig. 4.

This UI shows two boards. While the target pattern to be
reproduced by the patient is shown on the right, an “empty”

Table 1 Pegboard test scoring

Cannot reproduce 1

Reproduce vertical and horizontal lines.
Cannot reproduce oblique line

2

Reproduces all lines. But location is wrong 3

Good performance. No trial and error 4
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pegboard is shown on the left. To interact with the digital
pegboard, patients should tap on a black circle to “insert” a
pin into a hole. Consequently, the circle becomes yellow to
represent that a pin was “inserted” into a hole. They can also
“remove” a pin from the hole tapping on the yellow hole.
Consequently, it changes to black again to show that the hole
is empty.

Distributed User Interface
The software solution proposed in this article uses DUI
paradigm to enable patients and therapist interact with
each other. A DUI is defined as user interface (UI) whose

components are distributed through one or more dimen-
sions of input, output, platform, space, and time,12 where:

• Input refers to administration of input in a single compu-
tational device or distributed through several different
devices.

• Output is the graphic output linked to a single device
(screen) or distributed through several devices (called
screens or content redirectors).

• Platform is the interface run on a single computational
platform or distributed across several platforms (archi-
tectures, systems operatives, networks, etc.).

Fig. 2 Sequence diagram of our application for a real use case without error.
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• Space is the interface restricted to the same physical space
(and geographic), or it may be geographically distributed.

• Time is the set of elements of the interface executed
simultaneously (synchronous) or distributed over time
(asynchronous).

In Penãlver et al,13 authors specify a set of essential
properties of DUIs: portability, simultaneity, continuity,
and decomposability.

The DUI concept is associated with the following set of
properties: portability, decomposability, simultaneity, con-
tinuity, multiplatform, multimonitor, multiuser, consisten-
cy, flexibility, and efficiency.

Some authors have recently revisited the concept of DUI,
explaining that the adjective “distributed” denotes only a
subset of applications that distributes system UIs. Therefore,
they redefine the DUI concept as distributable user interface
(DeUI) to include both, DUI systems covering UI that are

Fig. 4 The patient interface.

Fig. 3 The therapist UI. UI, user interface.
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distributed but cannot be distributed on run-time, and DeUI
systems which enable the UI distribution at run-time.14,15

As we have seen in the previous section, our application
uses the paradigm of DUIs to facilitate communication
between the patient and the therapist. When the test is
performed in a traditional way, following the documentation
and using the devices proposed in the LOTCA battery, the
therapist must use a chronometer to measure the time,
pencil, and paper to write down the observations and to
write the test results, and hemust provide the patient with a
board and a series of nails to reproduce the given pattern.

Thanks to the use of DUIs, our application allows the
patient and therapist to work simultaneously, each one on a
different screen, saving us from using the rest of the devices
necessary for the test. The application is responsible for
storing all the information related to the session and allows
the therapist to focus on observing how the patient performs
the test to facilitate and improve their diagnosis. In addition,
it allows this observation to be less invasive since it is not
necessary even for them to be in the same physical space.

Related Work
As Elmqvist,16 Vandervelpen,17 and other researchers state,
we can find numerous literary references related to UIs, such
as in Grolaux et al and Bandelloni,18,19 among others. Addi-
tionally, we can find recent literary references to the concept
of DUI.17,20,21

Penitchet et al gathered all their data and studies22–24 and
numerous literaryreferences todifferent typesofconfigurations,
ecosystems, and different definitions that exist around DUI.

Within the different types of interaction that technology
allows us today, as radiofrequency identification, which
enables storing and remotely retrieving data, which allow
the identification of an object from the distance or near field
communication, and standardizes the way in which smart-
phones and other mobile devices establish radio communi-
cation,22 the one that interests us and we have used in this
work is WebSocket. WebSocket is a type of web communica-

tion which establish a series of protocols and standards to
exchange data between applications. This type of protocol
provides a full-duplex communication channels through a
single Transmission Control Protocol connection. As indicat-
ed by Penichet et al, it can be used by any client or server
application providing real-time interaction through the
web.22 Our work in this article does not consist of collecting
more literary references or expanding the existing literature,
but in implementing a novel environment of real DUI applied
to the occupational therapy sector, based on a test that is
traditionally performed using a paper and pen.

D-Pegboard Application Architecture
This section describes the architecture developed to support
the D-Pegboard application. The architecture is based on a
client-server approach in which therapists create a personal-
ized session for patients including personal data of both
patients and therapists.

The server part of the application acts as a broker which
synchronizes patient’s and therapist’s UIs. Besides, it is in
charge of managing session information as well as controlling
the assessment session. It is implemented using Node.js1 and
operated through a REST2 service Application Programming
Interface which is connected to a NoSQL (no structured query
language) database supported by MongoDB3 where session
information is stored. The server is not only responsible for
collecting session information introduced by the therapist; it
also collects all patient actions by the means of WebSocket to
reproduce patient actions on therapist UI in real time. In
addition, the server is also responsible for maintaining all the
information into the database to provide access to therapists
afterward (►Fig. 5).

The main reason for choosing JavaScript, and specifically,
Node.js, to implement the application server is the high

Fig. 5 View of the architecture of the application.

1 https://nodejs.org/es/.
2 Representational State Transfer.
3 https://www.mongodb.com/.
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performance provided by this technology in service-based
applications. Node.js uses an event loop (event loop), which
manages all asynchronous operations. In case of needing a
blocking operation, an asynchronous request is sent to that
Event Loop together with a callback, and the server proceeds
with the request when no operations are pending. Therefore,
Node.js creates a new event inside the main loop of Node.js
for every new connection to the server. If we compare this
approach to other technologies such as PHP or Java, where
every connection to the server generates a new thread
associated with its corresponding memory consumption,
the resource consumption, in this case, is significantly lower.
This translates into great memory savings and therefore,
supports for a larger number of simultaneous requests using
fewer resources.

The justification for choosing an NoSQL database, like
MongoDB, is fundamentally due to its advantages like better
performance, high scalability with respect to the SQL data-
base. The deployed version of the application does not work
with sensitive data about patients or their medical files,
which according to the European legislation are considered
specially protected data. Therefore, the solution adopted
does not require extremely restrictive measures regarding
the storage and processing of data.

Life Cycle Activities
To develop D-Pegboard, two complementary development
methodologies have been chosen: SCRUM and the Usability
Engineering Lifecycle. SCRUM has guided the development
process, following the phases and workflows proposed by
the methodology, and in turn, in these phases and flows we
include some activities proposed by the life cycle. In this
article, we are going to focus on activities related to the life
cycle, since they have a greater relationship with human
computer interaction. Usability engineering, according to
Deborah Mayhew in her book “The Usability Engineering
Lifecycle,”25 is a discipline that provides a set of structured
methods for achieving usability in UI design during software
product development.

When we talk about usability, we refer to a measurable
characteristic of a product that is present to a greater or
lesser degree. Specifically, this feature measures how easy it
is to learn and use the product or how easy it is to operate it.
On the other hand, when we refer to a UI, we refer to the
language through which the user and the product commu-
nicates with each other.

This faculty is responsible for contacting various associ-
ations of the city that works with patients associated with
ABI. Specifically, weworked with a small group of users who
were in a mild phase of their illness, in addition to the
professionals who worked in the center; among them are
psychologists, therapists, nursing assistants, etc.

In the early stages of the development of our solution, we
focus on gathering requirements as well as identifying
potential users of D-Pegboard. Activities such as the contex-
tual analysis of tasks or the profile of users were performed.
The contextual analysis of the tasks is done to find out what
tasks are performed, what tasks are performed to carry out

the ABI evaluation in a traditional way, identifying the steps
they take and help theymay need to do it. The purpose of the
methodology followed to obtain this information was to
meet with the professionals in an interview, who provided
us with a series of lists in which they specified the tests that
make up the battery of LOTCA and how they are performed.

In the later stages of the development of our application,
we focus on the analysis, design, and implementation of the
different use cases identified as a result of the requirements
previously obtained. The life cycle activities that were per-
formed included prototyping at each iteration (►Fig. 6),
whichwas tested by the actual users. These users were asked
to performa series of taskswith the prototypes provided, and
once it was verified that they would be able to use them, the
UI was definitively implemented.

If a problem arose during the test, it was reflected in the
results and the test proceeded to its solution for the next
iteration. In thisway, in each iteration the functionalities that
had been added along with those that had been tested and
corrected (if applicable) previously were tested in each
iteration. In the final phase of the development of D-Peg-
board, life cycle activities focused on evaluating the β version
of the application, as detailed in the evaluation section.

Another important aspect to consider in the design of the
interfaces is that it should be in accordance with each cultural
environment and be designed in such a way that it adapts to
the characteristics of each region, unlike nowadays where
people are getting affected by the computing environment.26

As Masip RG27 indicates, on one hand there are the so-called
cultures of high context (HC) like Japan andChina, inwhich the
largest part of the information is in context and is not neces-
sary to transmit it. On the other hand, exist cultures of low
context, like Germany, that need all the explicit information to
avoid possible distortions in its meaning.

In our case, we consider that our tool should not present
too many difficulties based on the type of culture, because it
is not a tool that is responsible for transmitting information
or intends to sell a product to a specific group of public. Our
tool has a simple interface with just four to five buttons,
which shows a board with holes that is a replica of the board
that is shown in the traditional LOTCA test. This traditional
test is standardized and adequate to meet the requirements
of diverse cultures, such as the EEUU population11 or the
Israel population,5,10 as we said before. We believe that our
tool faithfully represents the traditional test and therefore, if
the traditional test has been evaluated and validated in
diverse cultures, it should also be able to do so with our tool.

Methods

This section presents the usability and quality evaluation of
the D-Pegboard application that was conducted once the
implementation of the functional β version of the systemwas
complete. The evaluation follows the ISO/IEC 25010 and
25062 standards28,29 to evaluate software usability and
quality and it was conducted in collaborationwith therapists
and psychologists who have previously worked with people
with ABI in diagnostic and assessment tasks.
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Objective
The goal of the evaluation is the assessment of the quality in
use of the therapist UI of the D-Pegboard application. It is
particularly focused on the following aspects:

• Comprehensibility The therapists consider that the soft-
ware is adequate and they understand how they can use it
to carry out the evaluation of patients with ABI, adapting
the application to the particular conditions of each
patient.

• Ease of learning Therapists are able to learn how to use the
application quickly and easily.

• Operability The application shows a simple and intuitive
UI that enables users to carry out the proposed tasks.
These users encompass both, experienced users as well as
users without experience.

• Attractiveness The therapists consider that the UI is
aesthetically attractive.

Participants
To carry out the test, 10 participants were selected,
and none of them were involved in the development of
the application. These participants are therapists and
computer science professionals who have worked
with the battery of the commercial version of the LOTCA
exercises and other similar techniques used in ABI evalua-
tion. ►Table 2 shows a summary of selected participant
profiles.

Context of Use
Information about the tasks that users should perform is
collected in the sheet that was provided to them when
carrying out the test. All the participants had to perform
four basic tasks:

1. Create a session with the ID provided.
2. Carry out a complete assessment with a nonreal patient

using the D-Pegboard application.
3. Evaluate patient results and end the session.
4. Visualize the results of the assessment.

Fig. 6 Example of prototype of the interface made in paper.

Table 2 Profile of evaluation participants

Participant IT skill D-Pegboard ABI apps Age

1 2 1 1 28

2 3 1 1 32

3 3 1 1 23

4 3 1 1 23

5 3 3 3 24

6 3 1 2 55

7 2 1 2 46

8 2 1 3 25

9 1 2 3 42

10 1 2 3 52

Experience: 1, Low; 2, Middle; 3, High.
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All proposed tasks are the same as users should carry out
with the application on a daily basis. We can associate these
evaluation tasks with the different interactions that the
therapists perform with our application in a real use scenar-
io, as represented in the sequence diagram of the ►Fig. 2

• The first task corresponds to the “create session” action of
the sequence diagram.

• The second task corresponds to the “start timer” and “stop
timer” actions in the diagram, with the corresponding
response from the patient.

• The third task corresponds to the actions “evaluate ses-
sion” and “end session” of the diagram.

• The fourth task corresponds to the actions “visualize
session summary” of the diagram.

The information given to evaluation participants indicate
the set of actions they should perform; however, it does not
include how they should perform these tasks. Therefore,
participants are provided with a visual preview of different
interactions that should help them to use the application.

As per the compliance criteria, it was considered that
users had finished the test when they had completed the
assessment session and accessed the session results.

Metrics
The following set of metrics are used to perform the applica-
tion evaluation:

Effectiveness is related to the level of accuracy and integ-
rity achieved with respect to product objectives. This metric
is expressed in terms of:

• Completion rate Percentage of tasks completed correctly
with respect to the totalnumberof tasksproposed inthetest.

• Errors Number of times the participant did not complete
the task successfully, or she/he had to repeat the parts of
the task more than once.

• Assistance Number of times participants could not per-
form the task, or the administrator of the test had to
intervene directly by giving information to the participant
to complete the task.

• Efficiency is related to the level of effectiveness achieved
with respect to the amount of resources required to
perform a task. It is measured as the average time partic-
ipants took to complete a task.

• Satisfaction It describes the subjective response of the
user when using the product. This satisfaction usually
affects user’s motivation to use the product and some-
times users’ performance. To measure user’s satisfaction,
we provided participants with questionnaires that use
Likert scales. It is a system usability scale (SUS) question-
naire30 consisting in ten questions to generate a unique
number that represents a composite measure of the
usability of the global system under study.

Ethical Considerations
The current study was approved by the Research Ethics
Committee of the Granada University with code number
661/CEIH/2018 and was in accordance with the Declaration
of Helsinki. Before the beginning of every assessment, in-

formed consent was obtained from all the participants or
their legal guardians, and they were informed that their
cognitive abilities would be tested.

Results

Test results are presented in►Table 3. This Table depicts the
rate of completeness of the task by each user for both,
assisted (i.e., the percentage of tasks performed using direc-
tor’s assistance) and unassisted(i.e., the percentage of tasks
where participants completed the task autonomously)
groups, the total time participants required to complete
the proposed task, number of mistakes the participants
committed during the session, and the number of assists
they required to finish the proposed task.

The result analysis is performed according to the follow-
ing criteria:

• Data classification: User behavior is classified in terms of
the number of actions performed: successfully, with errors,
and with verbal assists. It is considered an error when the
patient is not able to perform the task alone and performs
an action that does not lead to the completeness of the task.
Likewise, each intervention, to indicatehow to continue the
task by the evaluator, is considered as verbal assistance.

• Data reduction: Each task is analyzed independently.
• Statistical analysis: The average, minimum, and maxi-

mum values are used as statistical measures.

As we have indicated previously, to evaluate the satisfac-
tion of the users we performed a satisfaction questionnaire
(SUS) whose results are shown in ►Table 4.

Discussion

Aswehave seen in the►Table 3, themajorityof participants in
the test were able to complete the tasks autonomously. Only
three participants required verbal assistance. In all the three

Table 3 Global results

Participant Completeness
rate (%)

Task
time
(mm:ss)

Errors Assists

Assisted Unassisted

1 25 75 03:26 1 1

2 0 100 03:30 0 0

3 0 100 03:07 0 0

4 25 75 01:49 0 1

5 0 100 01:56 0 0

6 25 75 03:42 0 0

7 0 100 04:21 1 0

8 0 100 03:34 0 1

9 0 100 02:12 0 0

10 0 100 02:55 0 0

Mean 7.5 92.5 02:46 0.2 0.3

Min. 0 75 01:49 0 0

Max. 25 100 04:21 1 1
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cases, this assistance corresponded to the same design flaw,
which has already been resolved. The ruling was that on the
screen in which the therapist was supposed to enter the
session data, an ID for the session was already provided
automatically, and seeing that field filled in, the participants
did not knowwhere to enter the ID they had been provided in
the test form. To avoid this, the title of each field was added
next to the form, instead of appearing inside the input field.

When we look at the completeness rate in ►Table 3, we
observe thatnoparticipantperformed less than75%of thetasks
autonomously. In other words, participants who needed assis-
tance only required it for 25%of the tasks andnoneof themhad
any previous experience with this application.

Regarding the number of errors, there was only one
participant who committed an error in the test. The error
occurred while saving the evaluation data. The participant
did not click on the save button in the form. She/he acciden-
tally clicked outside the form. As it is a modal window, it
hides when clicking on the outside.

Consequently, the participant did not realize that it had
not been saved correctly. This behavior was corrected, and
feedback was provided when action taken.

We can also observe that the results of the test are similar in
both, participants with skills computer science and without
experience in thisfield. Itmeans that our application is easy to
learn and use due to the development of a UI based on quality
standards that make the interface friendly and intuitive.

►Table 4 reveals that satisfaction questionnaire results are
exceptionally good. The average score obtained is 92.25 out of
100.Main reasonbehind this result is the fact that participants
found theapplication “not verycomplex,well integrated, quite
comfortable to use, and easy to learn and use.”

Conclusions

This work focuses on the lack of technology support for ABI
assessments that are currently performed on paper. Under
this situation, data collection and analysis is quite limited.
The used of information technologies in this field enables

therapists to perform these evaluations in a simpler, effi-
cient, and automated way.

This proposal implements a set of tests proposed in the
LOTCA battery test for the diagnosis and assessment of
people with ABI. It enables patients to perform the assess-
ment as it is performed traditionally using paper, providing
themwith a touch screen inwhich they can easily insert a set
of pins into the holes.

The applicationUI implements aDUIparadigmthat enables
patients and therapists to work together and in real time
avoiding the intrusion of the therapist in the assessment
during the session. However, the therapist can observe
patient’s assessment development from a DUI without even
sharing thesamephysical space. This solutionnotonlyenables
therapists to visualize patient actions directly in real time, but
it also enables therapists to share this session informationwith
colleges in real time too. In addition, this technology facilitates
the development of the test, reducing the number of artifacts
needed to perform the assessment (e.g., chronometer, paper,
pen, board, nails, etc.) to only two devices. As all assessment
session information is digital, it can be retrieved from the
application by the therapists afterward.

The realization of the activities proposed by the life cycle
of usability engineering, together with the collaboration of
the professionals and patients of the University of Granada,
has allowed us to develop an application that satisfies the
real needs of a certain collective users using UIs, designed
especially for them, thinking about their physical andmental
limitations.

The usability evaluation of the proposal meets the appro-
priate design standards for applications of this type, and this
is demonstrated by the high degree of satisfaction of the
participants (92.25 out of 100) and the low number of errors
and assists that occurred during evaluation tests.

As future work, we believe that this proposal can be
extended to cover most of the tasks included in the LOTCA
battery test. Thus, laborious traditional tests could replace
digitized tests taking advantage of analogous benefits
obtained by the digitalization of the Pegboard construction
test. Finally,we are currentlyworkingon the validation of the
patient UI with respect to the traditional version of the
Pegboard construction test. Thus, the correlation between
both approaches can be obtained.

Therefore, it would be very interesting to use the new
digital system proposed in different brain injury diagnostic
centres, increasing the sample of patients, thus being able to
detract possible errors and solve them. For this, it is seriously
necessary that you begin to suffer injuries in hospitals and
diagnostic centers of this type of brain lesions, thus increas-
ing the database of our system and allowing to solve the
errors that appear.

We believe that the use of technology applied to the
medical sector is a subject of great interest today, and that
it will have an even greater boom in the future, as evidenced
by themain lines of research in Europe. Therefore, we believe
that this tool can be extremely useful in the future, if it is
complemented with the rest of the tests that make up the
LOTCA battery.

Table 4 SUS results

Participant SUS score

1 90

2 82.5

3 97.5

4 95

5 97.5

6 85

7 90

8 92.5

9 100

10 92.5

Mean 92.25

Abbreviation: SUS, system usability scale.
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