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Abstract

The objective of this manuscript is to describe the iterative user-centered development of the
Mobile Device Assessment Tool (MoDAT) and to present early usability results involving
persons with disabilities and assistive technology (AT) professionals. Smartphones have
become a ubiquitous tool for use in everyday life. However, there are limited tools and
resources available for AT providers to assess the needs of persons with disabilities in
using smartphones. The MoDAT is being developed to help determine the most effective
accessibility and AT options for smartphone use by individuals with functional limitations.
A user-centered approach has been implemented, including preliminary guidance by
advisory committees, focus groups, and usability testing by persons with disabilities and
providers who recommend AT solutions. This process has guided the development of a
pilot system that can generate personalized recommendations on smartphone device setup
and configuration. The MoDAT consists of a series of simulated typical tasks completed
on a smartphone application. Individuals complete these tasks to assess their functional
capacity, with data regarding their performance gathered and sent to the provider portal.
Data is securely stored in the portal for review to help determine accessibility settings and
AT that may improve smartphone use. These results and the iterative process are described
in this manuscript. Future research will focus on establishing the psychometric properties
of the MoDAT as an assessment tool and outcomes.

Keywords: smartphones; accessibility; assessment; disabilities; usability; user-centered

1. Introduction
Smartphones have become essential assistive technologies for individuals with disabil-

ities, providing critical tools for communication, navigation, and social connection. Despite
the integration of robust accessibility features, significant disparities remain in the adoption
and use of these technologies among people with disabilities. Research has shown that
many individuals with disabilities either lack awareness of available accessibility features
or are unsure how to activate and personalize these settings to meet their needs [1,2].
These barriers are further compounded by limited clinician training and the absence of
standardized assessment tools to guide clinical decision-making regarding smartphone
accessibility [3,4].

National data reveal a substantial digital divide: smartphone ownership among in-
dividuals with disabilities in the United States lags behind the general population (72%
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vs. 88%) [5]. This divide is even more pronounced among those with dexterity, vision, or
cognitive impairments, who often face unique challenges, such as navigating touchscreens,
discovering relevant features, or accessing device setup [6–8]. For instance, persons with
vision loss may benefit from screen readers and text-to-speech tools but still face barriers,
like inaccessible CAPTCHA verifications or unresponsive applications [2]. Similarly, indi-
viduals with cervical spinal cord injury may find that unresolved smartphone accessibility
issues compromise their privacy and independence [3]. A key challenge in addressing
these issues is the lack of standardized tools to assess functional smartphone proficiency.
Existing measures, such as the Mobile Device Proficiency Questionnaire (MDPQ), provide
some insight into user confidence and skills but are not designed for clinical assessment or in-
tervention planning [9]. Providers often rely on subjective observation or informal interviews,
which may overlook the subtle factors that influence real-world smartphone usability.

To address this gap, we developed the Mobile Device Assessment Tool (MoDAT), a
functional assessment platform designed to evaluate the users’ physical interaction capabil-
ities with smartphones and to support clinical decision-making. The MoDAT simulates
common smartphone tasks, such as placing a call or sending a message, to assess essential
motor skills, including finger isolation, hand–eye coordination, and pressure sensitivity.
These simulations generate objective data that can inform the customization of accessibility
features and guide training or support needs. The MoDAT includes both a mobile app
for user testing and a clinician-facing web portal that provides data visualization and
detailed reporting. Importantly, the MoDAT is aligned with the International Classification
of Functioning, Disability, and Health (ICF), which emphasizes the interaction between
user abilities, environmental factors, and task performance. By simulating real-world
scenarios, the MoDAT adopts the ICF’s approach to addressing both activity limitations
and participation challenges, offering a systematic way to assess the demands of modern
technology use. In addition, the MoDAT supports the ICF’s focus on environmental factors
by identifying both barriers and facilitators to smartphone accessibility. The following
skills, in particular, may influence the successful and efficient use of smartphone devices.

• Physical Capacity
When assessing motor skills for mobile phone use, it is important to evaluate key
abilities, such as tapping accuracy, swiping, pinch-to-zoom, typing precision, response
speed, hand–eye coordination, and the ability to use the device for extended periods.
This evaluation should include observing how the user holds the device, navigates
the interface, and performs multi-touch gestures. To conduct a thorough assessment,
use structured tests or specialized apps to measure speed and accuracy, and gather
self-reports from users about any difficulties they encounter. Furthermore, analyze
objective data, such as error rates and reaction times, to gain a comprehensive under-
standing of the user’s dexterity and strength as they relate to effective smartphone use.
By systematically studying these touch-based interactions, we can better understand
how individuals with motor skill impairments use mobile devices. This insight helps
to identify unmet accessibility needs and guides the development of more inclusive
touch-screen features [10].

• Cognitive Capacity
Assessing cognitive capacity involves evaluating key functions, such as executive
functioning, memory, problem-solving, and the ability to learn, skills that are crucial
for effective smartphone use. Performance-based assessments, like observing how
individuals complete tasks, such as downloading an app or setting an alarm, provide
valuable insight into their decision-making and problem-solving abilities. Guided
tasks can further reveal a person’s learning capacity by showing how well they retain
and apply new information. While smartphone usability has significantly improved,
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these design enhancements often prioritize the needs of younger, cognitively healthy
users, which may not align with the needs of adults with cognitive impairments [11].
By evaluating how individuals interact with smartphones, we can better understand
their specific challenges and leverage built-in accessibility features to support engage-
ment with everyday tasks, social connections, and community services.

• Digital Literacy
Digital literacy assessments evaluate a person’s ability, confidence, and familiarity
with using digital tools. Practical tasks, such as composing a message or navigating
an app, help gauge functional skills, while observational methods provide deeper
insight by highlighting the difficulties encountered during real-world activities, like
using GPS or taking photos. The digital divide, the growing gap between digitally
privileged and disadvantaged populations is influenced by factors such as health
literacy, comfort with technology, and interface usability. To help bridge this gap, de-
signers must prioritize universally accessible user interfaces, especially for individuals
with limited technical experience or physical abilities [12]. By assessing how someone
uses a smartphone, we can better understand their specific challenges and introduce
appropriate accessibility features to enhance usability, support independence, and
ultimately improve quality of life.

Given the complex nature of smartphone use involving all these skills, our initial
approach has focused primarily on physical capacity, but we do recognize that all aspects
of functional ability (physical, cognitive, sensory) in conjunction with digital literacy skills
must be considered when assessing a person’s mobile device skills and potential needs.
This paper presents findings from iterative usability testing and stakeholder feedback
involving both assistive technology (AT) service providers and individuals with disabilities.
Using focus groups and structured usability sessions, we sought to understand how users
experience the MoDAT platform, identify usability issues, and gather suggestions for
design refinement and clinical utility.

2. Materials and Methods
Study Design: This study utilized a user-centered, multi-phase qualitative research

design, incorporating focus groups and usability testing. The approach was informed by
recent qualitative studies in assistive technology development, particularly those that have
emphasized iterative stakeholder engagement and thematic analysis [13–16]. The primary
objective was to gather feedback from two key user groups, including (1) assistive technol-
ogy (AT) service providers and (2) persons with disabilities (PwDs), to guide the ongoing
development and refinement of the MoDAT system [17]. A user-centered, multi-phase
qualitative approach was deliberately chosen instead of quantitative or mixed methods to
gather rich, experiential insights directly from key stakeholders, including persons with
disabilities and assistive technology service providers. This approach is particularly valu-
able for uncovering nuanced user needs and guiding the iterative refinement of emerging
technologies. Qualitative methods, such as interviews and focus groups, enable researchers
to explore social dynamics and real-world processes, capturing lived experiences and
practical challenges that are often overlooked by quantitative measures. By supporting a
human-centered design process, this method encourages meaningful collaboration between
clinical and design experts, helping bridge the gap between user needs and technological
solutions. It also accelerates development by providing timely, actionable feedback. By
contrast, quantitative methods may fail to reveal complex, context-specific issues critical in
early-stage innovation, while mixed methods can introduce unnecessary complexity when
the primary goal is to deeply understand user experiences. The content and functionality of
the MoDAT were shaped through an ongoing, iterative process that included contributions
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from a consumer advisory committee (CAG) and subject matter experts. Early prototypes
were informed by user feedback obtained through formative interviews and initial field
testing. The MoDAT system comprises two core components: the MoDAT mobile app and
the MoDAT web portal.

• MoDAT Mobile App: The MoDAT mobile app is installed directly on the user’s
smartphone, and is designed to simulate and track common smartphone activities.
These simulated tasks are assigned by a clinician or researcher through an online
portal prior to the user’s trial. The app mimics real-world interactions to evaluate
the user’s functional abilities. Six tasks were developed to reflect typical smartphone
use: making a phone call, sending a text message, checking the local temperature,
searching for a pizza place, downloading an app, and using map navigation. These
tasks were carefully selected to represent key categories of daily smartphone use,
including communication, navigation, and app interaction. Each task is designed to
assess specific motor functions, such as finger isolation, hand–eye coordination, and
strength. The activities reflect challenges that may be encountered by individuals with
physical or cognitive limitations in real-life settings.

• MoDAT Web Portal: The portal is a web-based application accessible from any
location with an internet connection. It provides clinicians and researchers with a
user-friendly interface to manage participants, to assign or modify simulated tasks,
and to analyze performance data. The analysis section includes visual representations
of each task completed by the participant, along with mapping to show where and how
interactions occurred on the screen. These insights help clinicians identify challenges
and recommend appropriate accessibility features tailored to the user’s needs. In
addition, a visual study flow diagram was developed to illustrate the structure and
timeline of consumer advisory group (CAG) input, focus groups, and usability testing
throughout this study.

Figure 1 illustrates the MoDAT’s system architecture, designed to support distinct
user roles. Clinicians/researchers access system functionalities via the MoDAT portal
(built with Angular, TypeScript, HTML5, CSS3), while participants utilize the MoDAT
mobile application (Angular, TypeScript, HTML5, CSS3, and Ionic). Data and requests
from both the portal and the mobile application are routed to a central Java-based backend.
The backend processes these interactions, validates data, and interfaces with a dedicated
database for data persistence and retrieval.

 
Figure 1. MoDAT System Design.
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Participants: Participants were recruited using a combination of purposive and snow-
ball sampling to ensure balanced representation from both key stakeholder groups: assistive
technology (AT) professionals (Table 1) and persons with disabilities (PwDs) (Table 2). Pur-
posive sampling was initially used to select individuals who met specific eligibility criteria,
including being 18 years or older, English-speaking, and either a clinician or AT profes-
sional experienced in recommending smartphone accessibility solutions, or a person with a
physical or cognitive disability who currently uses or has considered using a smartphone.
Recruitment was conducted through professional networks, disability advocacy organiza-
tions, and clinical contacts, allowing the research team to reach participants with a wide
range of disabilities (e.g., mobility, vision, cognitive impairments) and professionals from
diverse clinical and AT backgrounds (e.g., occupational therapy practitioners, assistive
technology professionals). To further enhance diversity, snowball sampling was employed
by inviting initial participants to refer eligible colleagues or peers who might represent
different disability experiences or professional perspectives. This combined approach sup-
ported the inclusion of varied viewpoints and strengthened the overall representativeness
of the sample across both stakeholder groups. All participants provided informed consent
prior to involvement in this study.

Table 1. Demographic Characteristics of Assistive Technology (AT) Professional Participants (N = 14),
Please note that most categories are not mutually exclusive.

Category Summary

Gender Female: 11; Male: 3
Race White: 13; AI/AN: 1; Other: 1

Ethnicity Hispanic: 1; Not Hispanic: 13
Functional Difficulties None: 10; Hearing/Cognition/Learning/MH (each): 2

Profession ATP: 7; OTA: 6; OT: 1; VRC: 1; Other: 3
Employment Status Full-time: 13; Part-time: 1
Years of Experience 0–5: 5; 6–10: 4; 11–20: 4; 21+: 1 (Mean: 9.79; Median: 9; Range: 22)

Education Level—Degree Associate: 4; Bachelor’s: 6; Master’s: 4
Licensure/Certification ATP: 2; COTA: 7; OT: 1; None: 4; Other: 2

Work Setting Community: 11; Home Health: 3; Others (≤1 each): 6
Populations Served Physical: 11; Neuro: 8; MH: 6; Other: 4

Client Age Groups Served Older Adults: 14; Adults: 13; Adolescents: 5; Pediatrics: 1
Years in AT 0–5: 4; 6–10: 5; 11–20: 4; 21+: 1 (Mean: 9.96; Median: 8.5; Range: 25)

Table 2. Demographic Characteristics of Persons with Disabilities (PwDs) (N = 7).

Category Summary

Gender Male: 4; Female: 3
Race White: 5; Black: 1; Other: 1

Ethnicity Hispanic: 1; non-Hispanic: 6
Employment Status Full-time: 1; Part-time: 2; Not Employed: 4

Annual Income USD 10,000 or less: 2; USD 10,000–USD 39,999: 5
Technology Comfort Level Very Comfortable: 2; Comfortable: 5
Interest in Tech Innovation Strongly Agree: 3; Agree: 4
Current Smartphone Tasks Text/Call: 7; Camera: 6; Email: 6; GPS/Maps: 6; social media: 5; Other Apps: 5

Functional Limitations (Self-Reported) Upper extremity impairment: 3; Dexterity challenges: 4; Cognitive/memory: 2

Procedures: The iterative development of the MoDAT was informed by the ICF frame-
work [11]. Development began with formative consultations with an advisory committee
composed of people with lived experience of disability/disabilities. All procedures involv-
ing data collection with PwDs were reviewed and approved by the Institutional Review
Board (IRB) at the University of Pittsburgh prior to initiation. This included both the formal
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focus group sessions and subsequent usability testing with PwDs. Data collection was
conducted in three main phases:

• Phase 1—Consumer Advisory Committee (CAG): As part of the wireless rehabilita-
tion engineering research, CAG was gathered to support the iterative development
of the Mobile Device Assessment Tool (MoDAT). While these individuals were not
enrolled as research participants, their lived experiences with physical disabilities and
AT provided valuable insights into real-world usability challenges and feature needs.
Meetings conducted in August and September 2022 included diverse CAG members
who rely on mobility aids, voice control, assistive touch, and mounting systems to
interact with smartphones.

• Phase 2—Focus Groups: Separate focus groups were held with AT professionals and
PwDs to explore experiences with smartphone technology and reactions to a live
demonstration of the MoDAT prototype. Semi-structured guides included questions
on barriers to smartphone use, awareness and usage of accessibility features, and
perceived utility of the MoDAT features. The focus group sessions, conducted in
January and February 2024, were approximately 90 min in duration, and were recorded
and transcribed.

• Phase 3—Usability Testing: Participants then completed guided task simulations
using the MoDAT application on smartphones or tablets. The tasks simulated real-
world interactions, such as placing a call or conducting a web search. Participants
were encouraged to use “think aloud” techniques, and follow-up interviews captured
impressions of interface usability, performance feedback, and system design. Obser-
vational field notes were recorded by research team members. Usability testing with
AT professionals is ongoing under the same IRB protocol and these results are not
included in the present manuscript.

Task Performance and Data Collection: Task performance was evaluated through
qualitative observations, task completion status, and researcher field notes. Future versions
will incorporate structured performance metrics, such as completion time and error rates.

Data Analysis: All qualitative data, including transcripts, observational notes, and
open-ended responses, were analyzed using thematic analysis. Coding was conducted
independently by four researchers and reconciled through iterative team meetings. An
inductive–deductive coding strategy was used: initial codes were derived from participant
responses (inductive), then organized using the ICF-based deductive categories, such as
‘Body Functions’, ‘Environmental Factors’, and ‘Activities’. Discrepancies were resolved
in collaborative coding meetings. The themes were refined collaboratively and validated
against the data.

3. Results
3.1. Consumer Advisory Committee Feedback

Detailed notes captured the feedback from six members of the CAG. A qualitative analysis
revealed key themes which emerged across the six smartphone tasks used in the MoDAT:

• Device Positioning and Input Challenges: Users reported that mounting and position-
ing the phone is critical to effective use, particularly for those with limited upper-limb
mobility or spasms. Some participants used dual mounts or Velcro to stabilize the de-
vice. Voice control and adaptive pointers (e.g., joystick or grid-based control systems)
were frequently used, though often supplemented by trial-and-error workarounds.

• Voice Control and Accessibility Features: Participants described voice control as both
empowering and inconsistent. Speech impairments and background noise often
reduced accuracy. Custom voice commands, grids, and labeling features helped some
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users streamline access, but limitations remained in tasks requiring fine gestures or
system swipes. Few users relied on built-in screen readers or switched access consistently.

• Functional Task Difficulties: Tasks, such as placing a call, sending a text, and navigat-
ing apps, presented barriers due to imprecise screen taps, limited grip, or poor voice
recognition. Multitasking, such as switching apps or using Apple Pay at checkouts, in-
troduced further challenges. Long-press gestures and dragging apps were particularly
difficult for individuals with reduced dexterity or sensation.

• User Strategies and Workarounds: Users reported customizing their devices through
grid systems, joystick interfaces, screen mounting at optimal angles, and syncing tasks
across devices (e.g., smart speakers, desktops). Some described building their own macros
or voice scripts to execute multi-step commands. Preferences for assessments included
keeping tasks under 30 min, integrating visual aids, and providing clear instructions.

• Recommendations for the MoDAT Development: CAG members emphasized the
importance of flexible input modalities, simplified screen navigation, support for voice
and pointer-based control, and the ability to bypass or repeat tasks as needed. They
also advocated for realistic task simulations and designs that consider personal device
setups and varying functional capacities.

This advisory input directly informed the design refinements and accessibility con-
siderations integrated into the MoDAT app and provider portal. Stakeholder feedback
ensured the assessment was inclusive of a range of physical interaction strategies and
representative of real-world challenges encountered by individuals with disabilities.

3.2. Focus Groups
3.2.1. Assistive Technology Providers

This focus group comprised 14 assistive technology (AT) professionals, predominantly
female (n = 11) and White/Caucasian (n = 13). Participants represented a diverse range of
clinical roles, including certified occupational therapy assistants (n = 7), AT professionals
(n = 6), and one occupational therapist. Most were employed full-time (n = 13) in
community-based settings and had an average of 9.8 years of experience. The majority
served adults (n = 13) and older adults (n = 14) with physical disabilities, neurodegenerative
diseases, or mental health diagnoses. Detailed demographic data are presented in Table 1 below:

Four core themes emerged from the focus group held with AT professionals:

(1) Observation-Based Assessment is Inadequate
Clinicians emphasized the difficulty of accurately assessing clients’ smartphone skills
through observation alone, particularly given the small screen size and rapid interac-
tion required. They noted that clients often omit or fail to verbalize their challenges,
making objective tools like the MoDAT particularly valuable.
“You’re trying to observe, you’re trying to catch a lot of information. . . and it’s not ideal.”

(2) Digital Literacy and Training Gaps
Providers frequently encounter clients who lack basic digital literacy. Even when accessi-
bility features are available, clients may be unaware or unsure of how to activate and use
them. This challenge was compounded by rapidly evolving features across platforms.

“How do you know it’s there unless you’re constantly looking?”
(3) Interface Complexity and Feature Discoverability

Participants reported that clients struggle to locate or understand features, such as
voice control, app downloads, or keyboard variations. Password management and
confusion between apps and accessibility features were also cited as frequent barriers.
“It’s amazing—some people don’t know how to swipe to answer a phone.”

(4) Recommendations for the Design and Use of the MoDAT
Professionals endorsed the MoDAT tool’s structure, noting that the simulated tasks
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reflected real-world needs. They appreciated the task progression (e.g., from dialing a
phone to searching online) and suggested optional additions like camera use, external
button functions, and soft resets for assessment flexibility.
“You want to see how somebody uses this in real life, but. . . also capture it objectively.”

3.2.2. Persons with Disabilities (PwDs)

A total of seven individuals with disabilities participated in the focus group and usabil-
ity testing sessions. Participants were predominantly male (n = 4) and White/Caucasian
(n = 5), with one identifying as Black or African American, and one reporting a multira-
cial or “Other” background. One participant identified as Hispanic or Latino, while the
remainder identified as non-Hispanic. Employment status varied among the group: one
individual was employed full-time, two were employed part-time, and four reported they
were not currently employed. Annual household income was reported as USD 10,000 or
less by two participants and between USD 10,000 and USD 39,999 by five participants.

Regarding technology use, most participants rated themselves as either “comfortable”
(n = 5) or “very comfortable” (n = 2) with using technology. One participant indicated
prior experience inventing something new or innovative. All participants expressed strong
interest in technology, with three “strongly agreeing” and four “agreeing” that they were
passionate about exploring new technologies and improving existing products or processes.
In terms of smartphone use, participants reported engaging in a range of activities including
texting and calling (n = 7), using the camera (n = 6), accessing email (n = 6), using GPS
or map features (n = 6), and social media (n = 5). Several also reported using apps
for entertainment, education, or task management. Self-reported functional limitations
included upper extremity impairments (n = 3), difficulties with dexterity (n = 4), and
cognitive or memory-related challenges (n = 2). These characteristics underscore the
importance of accessible, customizable smartphone solutions such as those targeted by the
MoDAT platform.

Participants who were PwDs offered detailed insight into their experiences using
mobile devices, highlighting both empowering and frustrating aspects of smartphone
technology. Five major themes emerged as follows:

(1) Smartphones are Essential Tools for Independence
Participants reported using smartphones for a broad range of tasks, including communi-
cation, navigation, home automation, education, document management, and telehealth.
Many described their devices as essential for day-to-day living and decision-making.

“My phone has empowered me. . . it’s educated me so much.”
(2) Challenges with Accessibility Settings and Feature Uniformity

PwDs often experienced difficulties locating and enabling appropriate accessibility
features. Inconsistencies across apps and devices or updates that reset user preferences
created frustration and confusion.
“Every app is different. Nothing is uniform.”

(3) Learning Preferences and Support Needs
Participants expressed strong preferences for how they learned to use features—many
favored step-by-step video demonstrations or peer-generated tutorials (e.g., YouTube,
listservs) over traditional manuals or written guides.
“For me, I’m a very visual learner. . . I like to go step by step.”

(4) Physical Limitations in Touchscreen Interaction
Several individuals noted difficulties with multi-step gestures, such as pinch-to-zoom
or holding multiple buttons. These challenges were particularly pronounced among
users with fine motor impairments or muscle weakness.
“If there’s something that needs two fingers, my hands don’t always work simultaneously.”
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(5) Barriers to Voice Control and Input Accuracy
Voice input features were helpful but often limited by speech clarity, accent, or back-
ground noise. Participants emphasized the need for greater tolerance of variation and
alternative options for those with atypical speech.
“If you don’t speak perfectly, it’s challenging. Who speaks perfectly?”

Usability Testing Observations of PwDs

Structured usability testing reinforced many themes from the usability testing sessions.
While most participants were able to complete assigned tasks with minimal assistance,
some encountered difficulties interpreting system feedback or navigating task workflows.
Four of the PwDs with physical disabilities also participated in usability testing of the
MoDAT application. Key usability issues and revisions included the following:

• Free-form text entry problems: Initial task logic required exact wording (e.g., “best
pizza in Pittsburgh”). This rigidity led to user frustration when semantically correct
alternatives were marked incorrect.

• Inconsistent app icon placement across tasks: Some icons were shown only when
they are needed, this led to confusion and users thinking the new icon they are seeing
for the first time to be the correct icon they needed to tap.

• Unexpected exits via bottom navigation: Some participants unintentionally left the
simulation.

• Uncertainty about system response: Users sometimes did not know if their input had
been received.

In response to usability challenges identified during initial testing with these four
PwDs who we asked to complete the six simulations, the MoDAT application underwent
a series of targeted updates, demonstrating a commitment to user-centered design and
ecological validity. Major improvements included the following:

• Increased input flexibility: To better reflect real-world digital interactions and address
user’s frustration observed with the initial strict input requirements, most of the input
related tasks, such as searching, were modified. The system now accepts synonyms,
typos, or alternative phrasing (e.g., “sixteen” vs. “16”; partial matches for “Our
Mother’s Pizza”), as demonstrated by the pseudocode comparison in Table 3. The
integration of SerpAPI also enabled more realistic search behavior and the ability
to select results that are semantically similar, simulating Google-like responsiveness
rather than relying on exact string matching.

• Navigation safeguards: Although the app could not disable the bottom navigation
bar, device-level screen pinning was activated to prevent premature exits during tasks.
This measure aimed to keep the user on the app and maintain the completeness and
reliability of the collected data

• Improved interface consistency: Task-related icons and apps were standardized
across scenarios to reduce confusion and to make sure the reason they are picking the
icon is because of their own reasoning.

• Enhanced responsiveness cues: A loading animation was added to reduce uncertainty
and to prevent repeated button presses when operations took a few seconds to complete.

• Expanded monitoring tools: A screen recording feature was introduced to enable post-
session review. While valuable its deployment encountered technical inconsistencies
across devices, potentially related to device processing power, which caused the app
to force close.
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Table 3. A comparison of string-matching algorithms, demonstrating a strict, exact-match approach
(“Before”) and a more flexible method for both single and multi-word inputs (“After”).

Pseudocode 1: Exact String-Matching Algorithm (Before)

1 function is_correct_input(user_input: string)
2 if user_input === “16” || user_input === “sixteen” then
3 return true
4 return false

Pseudocode 2: Flexible User Input Detection for Single Word Match (After)

1 function is_correct_input(user_input: string)
2 if user_input.includes(“16”) || user_input.includes(“sixteen”) then
3 return true
4 return false

Pseudocode 3: Flexible User Input Detection for Multi-Word Match (After)

1 Function is_correct_input(user_input: string)
2 Words = user_input.toLowerCase().split(“ “) // separate by space
3 FirstIndex = words.findIndex(word => word.includes(“our”))
4 If firstIndex === −1 then // the word our is not found
5 Return false

6 If !words[firstIndex + 1].includes(“mothers”) && !words[firstIndex + 1].includes(“mother’s”) then //
the word mother or mother’s not found

7 Return false
8 If !words[firstIndex + 2].includes(“pizza”) then // the word pizza is not found
9 Return false
10 Return true

Each modification was driven directly by user feedback and validated through follow-
up testing, enhancing both the realism of the simulation and its clinical utility. Figure 2
provides an at-a-glance visual summary of the implemented improvements.

 

Figure 2. MoDAT Improvements.
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4. Discussion
The iterative development and evaluation of the MoDAT revealed valuable insights

into the accessibility needs, functional barriers, and usability preferences of both AT
providers and PwDs. The combination of focus groups and usability testing confirmed the
importance of using a user-centered design framework to ensure that emerging assessment
tools like the MoDAT are both clinically relevant and contextually appropriate. Unlike ex-
isting tools, such as the Mobile Device Proficiency Questionnaire (MDPQ), which primarily
assess users’ self-reported confidence, the MoDAT offers function-based simulations of
physical smartphone interactions. Participants with disabilities in this study represented a
range of functional challenges, including upper extremity impairments, limited dexterity,
and cognitive difficulties. These conditions can significantly impact smartphone use. De-
spite identifying as generally comfortable with technology, several participants reported
encountering obstacles in executing basic mobile tasks due to inconsistent touchscreen
responsiveness, fine motor limitations, or difficulties navigating complex interfaces. These
findings are consistent with prior studies that emphasize a persistent digital divide and
the need for individualized technology solutions among users with functional impair-
ments [1,3,6,7]. The prevalence of workarounds, such as using adaptive mounts, joysticks,
or customized voice commands, illustrates how users must adapt their environments and
devices in the absence of optimized accessibility support. Feedback from AT providers
underscored similar concerns. Providers emphasized the lack of formalized tools for assess-
ing clients’ mobile technology needs and highlighted the reliance on informal interviews or
observational strategies. Many expressed a need for more structured, data-driven assess-
ments to support clinical reasoning and documentation. These concerns echo broader calls
within the literature for standardized approaches to evaluating functional smartphone use
and tailoring accessibility recommendations accordingly [4,9].

Despite these strengths, this study has several limitations. The small and regionally
concentrated sample may limit the generalizability of the findings. While participants
reflected diverse clinical and lived experiences, further testing is needed with a broader
population, including individuals with sensory impairments, limited digital literacy, or
limited English proficiency. Additionally, although the present study focused on the
physical and cognitive aspects of smartphone use, future iterations of the MoDAT should
expand to incorporate sensory accessibility and learning support features. Furthermore, this
study did not include quantitative measures of user performance improvement over time
or direct tracking of accessibility feature adoption following the MoDAT recommendations.
While these early rounds of usability testing offered important observational insights and
participant feedback, it lacked standardized performance metrics, such as task completion
time, error rates, or system usability scale (SUS) scores. Future studies will incorporate
pre/post-testing designs or longitudinal data collection to assess the impact of the MoDAT
on accessibility feature adoption and smartphone proficiency. In addition, integrating analytics
from the provider-facing portal—such as configuration changes based on the MoDAT reports—
could help validate the tool’s clinical utility and inform real-world practice.

In conclusion, the findings of this study affirm that the MoDAT is a promising tool
for assessing smartphone accessibility needs among individuals with disabilities. Its
development demonstrates the feasibility of applying user-centered principles to create
meaningful, scalable assessment technologies. Future research will focus on validating
the tool’s psychometric properties, such as test–retest reliability, internal consistency, and
convergent validity with established measures, while also expanding its use across broader
clinical contexts and user populations. Present efforts are focused on gathering normative
data for completion of the tasks from users without disabilities to allow for specific guidance
in determining thresholds for performance related to accuracy and efficiency.
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