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Abstract: Introduction. Studies on rehabilitation devices in individuals with hemiplegia
have shown that robotic rehabilitation tends to be more effective in individuals with mild
rather than moderate or severe hemiplegia. The aim of this study was to demonstrate the
rehabilitative effectiveness of a programmable keyboard (Click4all®) in improving the
performance of daily life activities (PC, tablet, and smartphone) in a 30-year-old man with
hemiplegia. Methods. A 31-year-old man underwent surgery in 2017 to remove prefrontal
cortical dysplasia responsible for epileptic seizures. Following the operation, he developed
left hemiplegia. Following this intervention, he developed left hemiplegia. The upper
limb showed shoulder asymmetry in the frontal plane, with the arm extended along the
trunk and the thumb slightly adducted. The patient was assessed three times using the
following tools: Matching Person and Technology (MPT), Survey of Technology Use
(SOTU), Assistive Technology Device Predisposition Assessment (ATD PA), and Quebec
User Assessment of Satisfaction with Assistive Technology (QUEST 2.0). Following the
initial assessment, the patient was trained to use Click4all® at home, applying it for 30
minutes per day over a period of two months. Results. According to the MPT (ATD PA)
rating scale, the patient reported satisfaction with the improvements achieved across
various functional domains. The average score on the QUEST ranged from 4.62 to 4.25,
showing that the patient was very satisfied with the aid. Finally, the patient’s evaluation of
adherence and performance indicated improvements in both the usability of the device
and the residual function of the plegic limb over time. Conclusion. In this study, the
Click4all® programmable keyboard was used to create a system comprising of both a
rehabilitation and autonomy aid. The results highlighted not only an increased level of
independence in the patient, but also a significant improvement in psychosocial well-
being.
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1. Introduction

According to the International Classification of Functioning, Disability and Health (ICF),
disability is defined as the result of a mismatch between environmental demands and an
individual’s performance. People with disabilities access and use computers in a wide
variety of ways. In this context, assistive technologies play a fundamental role by providing
individuals with appropriate tools to communicate, perform various activities, and
interact independently with their environment. The use of these tools depends on each
person’s individual needs and preferences. Click4all® is a project developed by the
ASPHI Onlus Foundation (https://asphi.it/), an organization that since 1980 has been
committed to promoting digital technologies for the social, educational, and occupational
inclusion of people with disabilities. The first prototype of Click4all® was presented at
the HANDImatica 2014 event (https://www.handimatica.com/). Click4all® is a
programmable keyboard compatible with PCs, tablets, and smartphones. It features
switch-type inputs with jack connectors, allowing users to connect conductive objects and
materials such as fruit, fabric, or metal. The device can be connected to the user’s chosen
device via USB or Bluetooth. Its switch-type inputs are compatible with most buttons
available on the assistive technology market. Click4all® is often used by rehabilitation
professionals in children for cognitive assessments. In cases of Rett syndrome, Click4all®
has been used to stimulate motor skills, address dyspraxia, and support the rehabilitation
of pressure and release movements, which are often difficult for these individuals to
control. Only a limited number of clinical trials have investigated rehabilitation software
and devices in individuals with hemiplegia. These studies suggest that robotic
rehabilitation tends to be more effective in those with mild hemiplegia compared to those
with moderate or severe forms.[1-4] A commonly recognized consequence of stroke is
motor impairment, particularly involving the upper limbs. Among stroke survivors with
upper limb impairment, 30-66% continue to experience difficulties six months after the
event. Persistent upper limb impairment can be severely disabling, with a significant
impact on activities of daily living (ADLs).[5] For a young person living with hemiplegia,
limitations in using technology (e.g., laptops, smartphones) can negatively affect perceived
quality of life, subjective well-being, and may be associated with increased anxiety. This
limitation can lead to restricted participation in social, occupational, and leisure activities.
Case reports are often the first step in documenting new therapies, but they are rarely
sufficient to establish treatment efficacy.[6-8] In this report, we present a case study
analyzing the rehabilitative effectiveness of Click4all®, a programmable keyboard
designed to enhance performance in activities of daily living involving PCs, tablets, and
smartphones (https://www.click4all.com/en/).

2. Case Report (Participant’s Information)

The individual described in this case report was born in Rome in October 1991. He
began experiencing epileptic seizures at age 13, which progressively worsened over the
years until he was diagnosed with drugresistant epilepsy in 2014. The patient was
prescribed a considerable amount of medication, which led to side effects including
reduced concentration and drowsiness. In 2017, he underwent surgery to remove the
prefrontal cortical dysplasia responsible for the seizures.

Following the surgery, he developed left hemiplegia. Clinical examination revealed left
hemiparesis with flaccid tone in the upper limb and severely limited spontaneous motor
activity. He also had functional limitation of the left lower limb, with no muscle
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recruitment of the foot and leg, which made it impossible for him to maintain an erect
stature or walk. The patient was admitted to the neurorehabilitation department at
Bambino Gesu Children's Hospital in Rome. During his rehabilitation, he was prescribed
an ankle-foot orthosis (AFO) for the left side and orthopedic shoes to facilitate proper
gait. He began walking semi-independently using a right-sided tripod cane for stability,
gradually working to stabilize the oscillating gait of the right lower limb. His gait showed a
leftward rotation caused by trunk and hip displacement. The right upper limb presented
with spasticity, reduced voluntary movement, and diminished sensation. Shoulder
asymmetry was evident in the frontal plane. Shoulder flexion, extension, and abduction
were limited, although the patient retained the ability to move and flex the elbow. Wrist
flexion and extension were restricted. Motor activity was limited to the index and middle
fingers, while the thumb remained adducted. Object grasping was only possible in a
neutral position due to the absence of pronation-supination in the forearm. During
bimanual tasks, the affected hand was used only for contralateral support. Cognitive
functions were completely preserved. Unfortunately, the patient had to suspend
neurorehabilitation due to a rectal prolapse, as hemiparesis impaired his ability to control
rectal musculature. In 2018, he underwent rectal prolapse repair surgery, followed by an
emergency intervention for stercoraceous septicemia, which required a one-month stay in
the intensive care unit. Due to complications, a left colostomy was performed while
waiting for the abdominal damage from the septicemia to heal. He later underwent
further ostomy surgery to reduce the excess length of the descending colon and manage
the colostomy with a collection bag. Fecal incontinence did not allow him to perform
neurorehabilitation for hemiplegia since intrathoracic pressure caused strong fecal
incontinence. The patient's daily life was severely compromised by severe dyspepsia and
intra-abdominal pain with constipation/incontinence. The use of Click4all® may also be
extended to individuals requiring training with upper limb prostheses. The aim of this
study was to evaluate the effects of using a programmable keyboard (Click4all®) in the
rehabilitation of a 30-year-old man with hemiplegia, focusing on his well-being, autonomy,
and performance in activities of daily living involving PC, tablet, and smartphone use.

3. Assessment

The person received three evaluations, which were performed at TO before starting the
intervention. The first evaluation took place in his home, where clinical information
from the medical record was collected and where observation of the patient began. The
second evaluation phase involved collecting information through the observation sheet
about past and present occupational history, executive functions (motor and sensory),
habits, motivation, and the environment. The third evaluation with Assistive Technology
Device Predisposition Assessment (ATD PA) tool was also performed in the home to
evaluate the patient's autonomy performing ADLs (personal care, sphincter control,
mobility and transfers, locomotion, communication/relational skills). After one month of
intervention (T1), the ATD PA tool was administered again to evaluate any improvement
in the use of the device. Additionally, the Quebec User Assessment of Satisfaction with
Assistive Technology (QUEST 2.0) was administered to assess the user's satisfaction with
the assistive device.

The interview with the patient was carried out according to the occupational therapy
model of human occupation (MOHO)[9]. This model is based on systems theory and sees
the human being as a complex and dynamic organization of different systems of action.
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The whole human organism is constantly changing and developing over time. In
particular, the MOHQO sees the human being as a complex organizer composed of 3
subsystems: volitional, habitual, and performance (mind-brain-body). Occupational
behavior results from the interaction of the human system with the environment. These
three elements interact with the environment and structure what we choose to do, how
we organize our lives, and what we are able to do. When an interference (illness, trauma,
critical situations, etc.) breaks the balance between the three subsets, the person may
experience a loss of volition, i.e., a loss interest in employment. Kielhofner[9] attributes a
very important role to volition in the construction of the person, since through it
individuals choose what they consider important (values), what they perceive as personal
capacity (personal causality), and what provides pleasure (interests). These three elements
make up the content of each person's feelings, thoughts, and decisions regarding
engagement in occupations.

The Matching Person and Technology (MPT) tool, developed by Scherer (1991), identifies
the user's predisposition to benefit from a proposed assistive device.[10] This assessment
tool has several areas to specifically investigate the needs of the patient. It is divided into
five subscales.[11]

The Survey of Technology Use (SOTU) tool is addressed to operators who are considering
providing a patient with a technology aid but think that the patient may be reluctant. It is
composed of the following tools: the Assistive Technology Device Predisposition
Assessment (ATD PA); the Educational Technology Predisposition Assessment (ET PA);
the Workplace Technology Predisposition Assessment (WT PA); and the Health Care
Technology Predisposition Assessment (HCT PA).

For this case report it was administered the ATD PA tool. During the first evaluation, the
participant emphasized how essential the PC and technology were for carrying out his
work. The last assessment tool used was the Quebec User Assessment of Satisfaction with
Assistive Technology (QUEST 2.0)[12-14]. This tool consists of 12 self-evaluation items
with a 5-point scale that rate the patient’s level of satisfaction with the use of the aid. An
item score of 1 means the patient is not at all satisfied, whereas a score of 5 means the
patient is very satisfied. This tool evaluates the supply procedure, repairs and technical
assistance, related professional services, and follow-up service. Each questionnaire takes
approximately 10-15 minutes to complete for each aid evaluated.

4. Therapeutic Intervention
The therapeutic intervention was carried out in four steps.

STEP 1: The purpose and procedures of the study were explained to the individual, and
he signed the informed consent. [15,16] Through a first interview, together with the
occupational therapist, it was possible to highlight the difficulties in ADLs, to discuss
priorities and it were defined the objectives of the therapeutic intervention. The detailed
interview allowed the therapist to identify the problem and assess whether it could be
addressed using the assistive device. In this phase, the ATD PA assessment tool was
administered.

STEP 2: The proposed activity was the use of a programmable keyboard for PC. It was
necessary to identify materials suitable for the participant’s tactile sensitivity. The
participant was trained to use Click4all® at home. This first phase of training
subsequently allowed the individual to be able to use the assistive device from home
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independently with his device (pc, tablet and smartphone). Based on the difficulties
identified during the assessment, it was possible to build customized interfaces using the
Click4all® kit and additional materials, tailored to the participant’s individual
characteristics and residual capacities. It is possible to customize the size, type of material
used or the position where the buttons can be placed (figure 1 an figure 2). This activity
can improve concentration, memory ideation and creativity, in fact they are necessary for
a first phase to learn the use of the device. This activity may also enhance sensory input—
tactile through manipulation of materials, proprioceptive through joint movement
control, and motor through coordination of fine movements. Finally, it can stimulate the
individual a sense of gratification and satisfaction. The therapist played a key role in this
phase by supervising initial use of the device, helping to prevent frustration and possible
early abandonment of the aid.

Figure 2. Use of the Click4all®.
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STEP 3: The participant performed manipulation exercises at home using the Click4all®,
focusing on simple tasks to improve flexion and fine motor control. These exercises were
recommended for 30 minutes per day over a period of two months. During this phase,
supervision may be helpful to ensure correct use of Click4all®, correct any errors, and
evaluate alternative strategies.

STEP 4: STEP 4: After one month, the evaluation was repeated to determine the degree
of improvement in independence in ADLs.

5. Follow-Up and Outcomes

The therapist completed an assessment at the end of the rehabilitation period and did
not observe any decline in the patient’s performance of ADLs. Using the MPT rating
scale (ATD PA), the following scores were recorded: disability 3.96; character 1.1; aid 3.8;
and environment 2.71. This tool analyzes the subjective satisfaction of the user with
respect to the results achieved in a variety of functional areas. It asks the user to prioritize
aspects of his life where improvements are desired, and requires the user's point of view
with respect to the aid. The average scores on the QUEST scale were 4.62 and 4.25 for
the two subscales (items 1 to 12), indicating high levels of satisfaction. Both summarize
how satisfied the patient is in relation to the size of the aid and the service. A score of 4
(or very close to 4) denotes that users are "quite satisfied", 5 (or very close to 5) indicates
that they are "very satisfied".

The participant’s evaluation of adherence and performance with Click4all® showed
progressive improvement in both the usability of the device and the residual function of
the plegic limb. The intervention was carried out over a two-month period. The data
indicated that some materials, such as modeling clay (pongo), were better tolerated by the
patient and more adaptable to his needs, based on preserved strength and both gross and
fine dexterity in the hemiplegic limb. Compared to the initial session, tasks requiring
rapid clicking could not be completed at first. However, after one month of training, the
patient demonstrated more fluid and accurate activation of the click. When comparing
the first and last day of training, it became clear that the device was easily adaptable and
enabled the patient to perform many actions that he could not manage with the built-in
keyboard of his laptop. No improvements were observed in forearm pronation or
supination. However, it was highlighted how the fractional movement of the fingers could
improve significantly over time.

6. Discussion

This is the first study to explore the use of the Click4all® programmable keyboard. This
systematic review was conducted by a research group of Sapienza University of Rome and
Rehabilitation & QOutcome Measures Assessment (ROMA) Association who were
involved in different studies on rehabilitation[17-25].

The literature reports positive outcomes in the use of new technologies in poststroke
rehabilitation to improve upper limb motor functions [26]. However, few studies have
examined improvements in autonomy among young individuals with hemiplegia. [27-30]
The only existing study on autonomy in older adults using new technologies showed a
high degree of restored independence through assistive devices [31]. These technological
supports contribute not only to restoring autonomy and motor function but also to
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enhancing social interaction with the surrounding environment. Mobile phones, text
messages, and emails are becoming increasingly popular [32]. Our results highlight not
only an increased level of autonomy in the hemiplegic participant but also enhanced
psychosocial well-being, as he regained partial use of a previously non-functional limb and
re-engaged in social interaction via messaging, social media, and email. This study suggests
that a good fit between person, environment, and technological adaptation can
contribute to subjective well-being, highlighting the relevance of assistive technology [33].
The strength of this programmable keyboard lies in its adaptability to individual needs
and its ease of use, enabling both caregivers and patients to achieve autonomous use after
appropriate training with an occupational therapist. In conclusion, this study emphasizes
the usefulness of assistive technologies in promoting engagement in rehabilitation and
improving autonomous use of computers, tablets, and smartphones in individuals with
hemiplegia. As with all case reports, these findings require confirmation through
additional observational or experimental studies, such as clinical trials or cohort studies.
Future studies should be conducted to confirm the reliability, validity, and clinical

applicability of Click4all®.

7. Patient Prospective

The participant found some problems starting from his initial poor tolerability with the
Click4all® programmable keyboard, as he did not want to do that type of activity with so
little speed in clicking. After further programming the touch and click sensitivity of the
keyboard and changing the type of material used (tinfoil), the patient was able to tolerate
the Click4all® programmable keyboard. There were no types of cognitive impairments,
no attentional disorders, and no disturbances of the nemsic functions. In the sensory
area, instead therapist found many adversities as the patient had to be constantly
stimulated visually for motor and hand-eye coordination. The proposed materials (tinfoil)
were quite tolerable for the patient.
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