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Abstract: Computer access can be difficult for people who cannot use conventional mouse-and-
keyboard input effectively. This study documents the design of a rule-based multimodal
computer-access prototype comprising a Turkish voice-command module and a face/head-
motion cursor-control module, and reports a preliminary usability evaluation limited to the voice-
command component. Before development, formative consultations were conducted with two
individuals with upper-limb impairments, one individual with a visual impairment, and six non-
disabled stakeholders. After development, 25 non-disabled proxy participants completed a
predefined scenario of 19 common computer tasks using the Turkish voice-command module.
Task completion, completion time, facilitator assistance, and descriptive post-scenario feedback
were recorded. All participants reached the predefined outcome for every task within an assisted
protocol. Facilitator assistance was required in 28 task-participant instances across six tasks, most
frequently when copying selected text, selecting a search-result link, and creating a new file.
Mean task-completion times ranged from 9 to 240 seconds. The observations point to command
operations and workflow transitions that may warrant further refinement, including clearer
feedback, more visible error recovery, simplified multi-step interactions, and greater
personalisation. However, the evaluation did not include participants with upper-limb
impairments, did not test the face/head-motion module, and did not use standardised usability,
workload, or cognitive-load measures. The results therefore offer preliminary proxy-user
observations about the Turkish voice-command module rather than validation of the complete
multimodal system or its accessibility for the intended user population.

Keywords: Assistive technology, computer accessibility, Turkish voice-command interface,
multimodal interaction, upper-limb impairment, usability evaluation, Design for All

1. Introduction

Digital participation has become integral to education, employment, health services,
communication, and civic life. However, access to digital systems is shaped by design decisions,
and people with disabilities may be excluded when interfaces presume a narrow range of
physical, sensory, or cognitive abilities. The World Health Organization estimates that
approximately 1.3 billion people, corresponding to about 16% of the global population,
experience significant disability, with prevalence increasing partly because of population ageing
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and a rise in chronic health conditions (World Health Organization [WHO], 2023). Article 9 of the
Convention on the Rights of Persons with Disabilities further recognises access to information and
communication technologies as a condition for independent living and participation on an equal
basis with others (United Nations, 2006). Digital accessibility should therefore be treated not as
a specialist addition introduced after development, but as a fundamental requirement of inclusive
design.

For people with upper-limb impairments, conventional desktop interaction may be difficult when
keyboard and mouse use requires sustained fine motor control, reach, grip, or repetitive
movement. Alternative computer-access methods include switch-based input, eye tracking,
head-based pointing, and speech input. These methods impose different motor, sensory,
cognitive, environmental, calibration, and equipment requirements; therefore, no single access
method can be assumed to meet every user’s abilities and preferences.

Research on head-mounted pointing devices indicates that technical feasibility alone does not
determine whether an assistive interface will be adopted; perceived usefulness and ease of use
are also important (Kabir et al., 2023). Research on multimodal alternative access has likewise
demonstrated the potential value of offering more than one input pathway, while also identifying
challenges involving modality coordination, personalisation, and task-specific interaction
demands (Mandak et al., 2022). In the present study, this literature provides the design context
for developing voice-command and face/head-motion modules. It should not be interpreted as
evidence that both modules were evaluated with participants.

Speech recognition has long been considered an alternative input method within electronic
assistive technology, particularly for users who experience difficulty operating conventional
physical controls (Hawley, 2002). However, speech-based computer access depends on more
than the conversion of speech into text. Users also require clear feedback about what the system
has recognised, predictable relationships between spoken expressions and resulting actions, and
recoverable responses when a command is misunderstood or unsupported.

These requirements also have a language-specific dimension because command wording,
alternative expressions, and recognition errors may differ across languages. The prototype
examined in this study addressed this design context through a Turkish command vocabulary and
explicit rule-based mappings between recognised utterances and predefined computer actions
(Keles, 2024). The present evaluation therefore focuses on the usability of these Turkish voice-
command interactions rather than on the performance of speech-recognition technology in
general.

Accessibility standards provide useful design guidance, but their scope should be distinguished
from formal conformance. WCAG 2.2 organises web-content accessibility around four principles:
perceivable, operable, understandable, and robust. Because the present prototype is desktop
software rather than web content, WCAG 2.2 is not treated as a direct conformance framework.
The W3C’'s WCAG2ICT guidance explains how WCAG principles and success criteria can inform
non-web documents and software, while noting that non-web accessibility may require
considerations beyond WCAG alone (World Wide Web Consortium [W3C], 2023, 2025).

ISO 9241-171:2025 is more directly relevant because it specifies requirements and provides
guidance for the accessibility of interactive software across a wide range of physical, sensory, and
cognitive abilities (International Organization for Standardization [ISO], 2025). Applied to the
present prototype, this perspective directs attention to predictable command-action
relationships, perceivable system status, error prevention and recovery, user control, and

m/0m



© Journal of Accessibility and Design for All (JACCES), Volume 16, Issue 2, 2026, ISSN: 2013-7087
DOI: https://doi.org/10.17411/jacces.v16i2.727

adaptability. These standards are used in this article to frame design requirements and future
evaluation; the prototype was not subjected to a formal WCAG or ISO conformance assessment.

Against this background, the present article documents an early-stage rule-based computer-
access prototype developed as part of a master’s thesis in Tirkiye. The prototype comprised a
Turkish voice-command module for discrete computer operations and a face/head-motion
module intended to support cursor movement. The development process was preceded by
formative stakeholder consultations, whereas the subsequent participant-based evaluation was
limited to the Turkish voice-command module (Keles, 2024).

The empirical component had three objectives: first, to report task completion and facilitator-
assistance patterns within a predefined 19-task voice-command scenario; second, to describe
task-completion-time profiles and identify operations requiring further investigation; and third,
to use the preliminary observations to outline considerations for subsequent inclusive design and
target-user evaluation. The study did not compare the two input modules, evaluate multimodal
conflict resolution, or assess the face/head-motion module with participants.

Within these limits, the article documents the prototype architecture, reports preliminary task-
level observations from non-disabled proxy participants, and outlines design and methodological
considerations for future work. It does not validate the complete multimodal system or establish
that the prototype is accessible, effective, or independently usable by individuals with upper-limb
impairments.

2. Methodology

2.1. Study design

The study followed a sequential development-and-evaluation design comprising three stages.
First, formative consultations were conducted to explore perceived barriers to computer access
and expectations regarding alternative interaction methods.

Second, a rule-based multimodal computer-access system was developed. The system comprised
a Turkish voice-command module for discrete computer operations and a face/head-motion
module intended to support cursor movement.

Third, a preliminary scenario-based usability evaluation was conducted with 25 non-disabled
proxy participants. This evaluation focused on the Turkish voice-command module and included
19 everyday computer tasks. Task completion, completion time, facilitator assistance, and post-
scenario feedback were recorded.

The face/head-motion cursor-control module was technically examined by the developer during
implementation but was not included in the participant-based usability evaluation. Accordingly,
the empirical findings reported in this article represent preliminary proxy-user evidence
concerning the Turkish voice-command module and should not be interpreted as target-user
validation of the complete multimodal system (Keles, 2024).

2.2. Formative needs elicitation

Before system development, a formative needs-elicitation stage was conducted to explore
perceived barriers to computer access and expectations regarding alternative interaction
methods. The consultation group comprised two individuals with upper-limb impairments, one
individual with a visual impairment, and six non-disabled stakeholders.
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An initial feedback form was prepared using Google Forms to introduce the proposed system and
collect preliminary views. Participants who indicated an interest in seeing the preliminary
prototype were subsequently contacted. Consultations were conducted either face-to-face or
online, depending on participant availability (Keles, 2024).

The participants with upper-limb impairments described the proposed system as potentially
relevant to computer-access needs. Their suggestions included allowing users to choose between
alternative face-based cursor-control options, such as eye- or head-based movement, where
technically feasible. Audible system feedback was also identified as a potentially useful feature.
The participant with a visual impairment similarly emphasised the potential value of audible
feedback. The non-disabled stakeholders provided additional observations concerning the
possible usefulness and broader application of the proposed approach (Keles, 2024).

These consultations informed the initial system requirements and design direction. However,
they were conducted before completion of the system and did not constitute a usability or
effectiveness evaluation. The views reported in this subsection should therefore be interpreted
as formative stakeholder input rather than evidence of performance among the intended user
population.

2.3. System architecture and evaluated scope

The developed system comprised two complementary interaction modules. The Turkish voice-
command module was designed to execute discrete computer operations, including application
and browser actions, text entry and editing, file operations, keyboard functions, and system-
volume controls. Spoken Turkish utterances were converted into text using Google Speech
Recognition and were subsequently processed through deterministic command-matching rules
(Keles, 2024).

The voice-command architecture was supported by a database containing user, command,
parent-command, sub-command, code, error-category, feedback, and feedback-category
records. Commands were organised hierarchically through parent-command and sub-command
relationships. Priority fields determined the order in which command conditions were checked,
while error and feedback records supported the identification of recurring interaction problems
and subsequent system refinement (Keles, 2024).

The second module used facial landmarks and head movement to support cursor navigation.
Although this module formed part of the complete system architecture, it was not included in the
25-participant usability evaluation. The participant-based findings reported in this article
therefore concern the Turkish voice-command module only. The face/head-motion module is
described as a developed system component, and no participant-level performance or usability
claims are made for it.

Figure 1 summarises the implemented processing pathways and distinguishes the component
included in the participant-based evaluation from the module examined only during
development.
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Figure 1. Implemented system architecture and scope of the participant-based evaluation.
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2.4. Rule-based voice-command processing

Following speech-to-text conversion, the recognised utterance was processed through a
deterministic, hierarchical command structure. The system first identified the relevant parent
command and then examined the associated sub-command conditions to determine the
intended computer action. The resulting action was executed through predefined code mappings
for operations such as cursor movement, clicking, application control, text entry, file
management, and system-volume adjustment (Keles, 2024).

Parent commands, sub-commands, executable code mappings, and command priorities were
stored in the system database. Priority values determined the order in which command
conditions were examined. This database-driven structure also enabled new commands or
command variants to be incorporated by updating the corresponding command and code records
rather than redesigning the entire processing architecture (Keles, 2024).

The rule-based approach was selected in the original development because the system was
intended to perform a bounded set of explicitly defined computer tasks for a specific accessibility
context. The approach provided direct control over the relationship between recognised
expressions and resulting actions. However, it did not learn from new utterances automatically,
and extensions to the command vocabulary required manual intervention. These limitations are
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considered in relation to contemporary adaptive and machine-learning-based interfaces in the
Discussion section.

2.5. Preliminary usability participants

The post-development usability evaluation involved 25 non-disabled participants who acted as
proxy users for a preliminary technical and interaction-level assessment. Participants were
recruited through convenience sampling. They did not simulate upper-limb impairment during
the sessions. The sample comprised 14 men and 11 women, with a mean age of 28 years.
Participants had varied educational and professional backgrounds, including individuals with and
without experience in information technology (Keles, 2024).

None of the 25 participants was reported as having an upper-limb impairment. The purpose of
this sample was to identify preliminary problems involving command use, task sequences,
feedback, and facilitator-assistance requirements before conducting validation with the intended
user population.

The findings from this sample should therefore not be interpreted as evidence of usability,
accessibility, or effectiveness for individuals with upper-limb impairments. Participant
information was reported only in aggregated or anonymised form.

Table 1. Characteristics of the preliminary usability participants.

Characteristic Description

Number of participants 25

Participant role Non-disabled proxy participants
Simulation of impairment No impairment was simulated
Gender 14 men and 11 women

Mean age 28 years

Educational and professional background Varied; included participants with and without
information-technology experience

Reported upper-limb impairment None
Evaluated module Turkish voice-command module

Face/head-motion module used in sessionsNo

The proxy-participant sample was used to identify preliminary technical and interaction-level
problems before target-user validation. It was not intended to represent the functional diversity
or lived experience of individuals with upper-limb impairments.

2.6. Task scenario

A predefined scenario comprising 19 sequential tasks was used to examine the preliminary
usability of the Turkish voice-command module. The tasks represented common computer
operations involving browser use, tab navigation, web-content interaction, text manipulation, file
operations, and system-audio control. Participants completed the tasks in the same order, and
each task had a predefined observable outcome (Keles, 2024).

The scenario was designed as a procedural usability assessment rather than as a controlled
pointing-device experiment. Target distance, target width, and movement amplitude were not
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systematically manipulated or recorded. Consequently, the scenario does not provide the
variables required for a retrospective Fitts’s Law analysis.

Table 2. Tasks included in the preliminary usability scenario.

Task  Predefined task

1 Open a web browser.

2 Perform a search using the web browser.

3 Open a new browser tab.

4 Switch to the previous tab.

5 Switch to the next tab.

6 Close the newly opened tab.

7 Select the fifth link in the search results.

8 Select a paragraph on the opened web page.

9 Copy the selected paragraph.

10 Return to the desktop.

11 Create a new file.

12 Name the file using the participant’s own name.
13 Open the file.

14 Paste the copied text into the file.

15 Move to a new line and enter the participant’s own name.
16 Save the file.

17 Increase the system volume.

18 Decrease the system volume.

19 Mute the system audio.

The scenario progressed from browser initiation and tab management (Tasks 1-6) to web-
content selection and copying (Tasks 7-9), desktop and file operations (Tasks 10-16), and system-
audio control (Tasks 17-19). Several later tasks depended on outputs produced in earlier tasks;
for example, the paragraph copied in Task 9 was pasted into the newly created file in Task 14.

2.7. Measures

Three task-level measures were recorded during the preliminary usability evaluation.

Task completion indicated whether the participant reached the predefined outcome for each
task. Because verbal assistance could be provided when a participant reached an impasse, task
completion should be interpreted within the assisted study protocol rather than as a measure of
fully independent completion.

Completion time was recorded in seconds for each task. Timing began when the participant
started the relevant task and ended when the predefined outcome was reached. Task-level times
were used descriptively to compare durations across the scenario and to highlight operations that
may warrant further investigation.
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Facilitator assistance indicated whether the participant required a verbal hint to continue after
reaching an impasse. Assistance consisted of verbal guidance and did not involve the facilitator
completing the task on the participant’s behalf. The number of participants requiring assistance
was summarised separately for each task (Keles, 2024).

After completing the scenario, participants provided comments and suggestions concerning the
voice-command interaction. These comments addressed issues such as command phrasing,
command coverage, feedback visibility, and difficulties encountered during multi-step
operations. The feedback was used descriptively to support the interpretation of the task-level
results; it was not collected using a standardised usability or cognitive-load scale.

2.8. Procedure

The usability sessions were conducted after completion of the initial software-development
stage. Participants were informed about the Turkish voice-command interaction and the
sequence of activities included in the scenario. They were then asked to complete the 19 tasks in
the predefined order using the voice-command module.

For each task, the evaluator recorded the completion time and whether the participant required
assistance to proceed. When a participant reached an impasse, brief verbal guidance was
provided to enable continuation of the scenario. The evaluator did not complete the task on the
participant’s behalf. Assistance events were recorded because completion achieved after
guidance could not be interpreted as fully independent task completion.

After completing the scenario, participants were asked to comment on the strengths and
limitations of the interaction and to suggest possible improvements. These comments were
collected as descriptive feedback; no standardised usability, workload, fatigue, or cognitive-load
questionnaire was administered (Keles, 2024).

The face/head-motion cursor-control module was not used during the participant sessions. It was
examined only through developer testing during the implementation stage and is therefore
excluded from the participant-based usability and performance findings reported in this article.

2.9. Analysis plan

The analysis was descriptive and was conducted at both task and scenario levels. At the scenario
level, the number of completed tasks and the overall distribution of facilitator-assistance events
were summarised. At the task level, completion time and the number of participants requiring
assistance were examined to identify tasks associated with comparatively greater interaction
difficulty (Keles, 2024).

Task results were interpreted according to the operations required in the scenario, including
browser initiation, tab navigation, web-content selection, text manipulation, file operations, and
system-audio control. Because the participant sessions evaluated the Turkish voice-command
module, the analysis focused on command use, task sequencing, interaction feedback, and multi-
step workflow demands. No participant-level analysis of face/head-motion cursor performance
was conducted.

Post-scenario comments were reviewed descriptively and grouped according to recurring issues
explicitly raised by participants, such as command phrasing, command coverage, feedback
visibility, and suggestions for simplifying multi-step operations. These comments were used to
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explain or contextualise the task-level findings. No formal qualitative coding framework,
inferential statistical analysis, or standardised cognitive-load analysis was applied.

2.10. Ethical considerations

All participants provided informed consent before taking part in the usability evaluation, and
participation was voluntary. Participants could withdraw at any time without penalty. No
personally identifying information is reported in this article, and the findings are presented in
anonymised or aggregated form.

3. Results

3.1. Evaluation sample and scope

A total of 25 non-disabled proxy participants completed the preliminary scenario-based usability
evaluation of the Turkish voice-command module. The participant group included 14 men and 11
women, with a mean age of 28 years. The face/head-motion module was not used during the
participant sessions and is not represented in the results reported in this section. The reported
outcomes comprise task completion, task completion time, facilitator assistance, and descriptive
post-scenario feedback (Keles, 2024).

3.2. Task completion and facilitator assistance

All 25 participants reached the predefined outcome for each of the 19 tasks. However, task
completion occurred within an assisted evaluation protocol and therefore does not represent
fully independent completion. When participants reached an impasse, brief verbal guidance was
provided so that they could continue the scenario (Keles, 2024).

Facilitator assistance was recorded in six of the 19 tasks, corresponding to 28 task-participant
instances. The highest assistance frequency occurred in Task 9, copying the selected paragraph,
for which 8 participants required guidance. This was followed by Task 7, selecting the fifth search-
result link, and Task 11, creating a new file, with 6 participants each. Assistance was also required
in Task 1 by 5 participants, Task 10 by 2 participants, and Task 8 by 1 participant. No assistance
was recorded for the remaining 13 tasks (Keles, 2024).

Table 3. Task-level facilitator-assistance frequency.

Task Task operation Participants requiringPercentage  of
assistance, n sample

1 Open a web browser 5 20%

7 Select the fifth search-result link 6 24%

8 Select a paragraph on the web page 1 4%

9 Copy the selected paragraph 8 32%

10 Return to the desktop 2 8%

11 Create a new file 6 24%
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The distribution suggests that some operations were more likely than others to produce an
impasse during the preliminary voice-command evaluation. Because the sample comprised non-
disabled proxy participants, these observations point to interaction points that may warrant
further examination but do not establish the accessibility barriers or assistance requirements
experienced by individuals with upper-limb impairments.

Percentages were calculated using the full sample of 25 participants. Assistance was recorded as
a task-level occurrence indicating that verbal guidance was required for the participant to
continue. The table does not indicate the severity or cause of the impasse.

3.3. Task completion time profile

Mean completion times varied across the 19 tasks, ranging from 9 seconds for Task 6 to 240
seconds for Task 7. The longest mean completion times were recorded for Task 7 (240 s), Task 1
(222 s), Task 11 (214 s), Task 9 (161 s), Task 8 (141 s), and Task 10 (139 s). By contrast, Tasks 6,
18, and 19 had mean completion times of 9, 10, and 10 seconds, respectively (Keles, 2024).

Table 4. Mean task-completion times in the preliminary usability scenario.

Task  Task operation Mean completion time, s
1 Open a web browser 222
2 Perform a web search 19
3 Open a new browser tab 41
4 Switch to the previous tab 13
5 Switch to the next tab 11
6 Close the newly opened tab 9

7 Select the fifth search-result link 240
8 Select a paragraph on the web page 141
9 Copy the selected paragraph 161
10 Return to the desktop 139
11 Create a new file 214
12 Name the file 24
13 Open the file 17
14 Paste the copied text into the file 96
15 Enter the participant’s name on a new line 38
16 Save the file 14
17 Increase the system volume 11
18 Decrease the system volume 10
19 Mute the system audio 10

These values describe the time required to reach each predefined outcome within the assisted
proxy-user evaluation. Because the tasks differed in their content, number of steps, and
dependence on previous scenario actions, the mean times should not be interpreted as
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controlled comparisons of command efficiency. They also do not provide direct evidence of
fatigue, cognitive load, accessibility for individuals with upper-limb impairments, or performance
relative to conventional mouse-and-keyboard input.

Mean times represent complete task durations within the sequential scenario and may include
time spent interpreting the task, formulating or repeating a command, waiting for system
response, and receiving verbal assistance where required. They are not isolated speech-
recognition latency or movement-time measurements.

4. Discussion

4.1. Interpreting task-level impasses in the preliminary voice-command
evaluation

Although all 25 participants reached the predefined outcome for every task, facilitator assistance
was required in 28 task-participant instances across six tasks: Tasks 1, 7, 8, 9, 10, and 11. The
concentration of assistance in a limited subset of the scenario distinguishes assisted completion
from independent operability. In particular, Task 9 produced the highest assistance frequency,
followed by Tasks 7 and 11.

The affected tasks involved different forms of interaction, including initiating an application,
selecting web content, copying text, returning to the desktop, and creating a file. The available
records do not support a definitive explanation for every impasse because assistance was not
classified using a formal error taxonomy. Nevertheless, the pattern points to voice-command
operations and task transitions that may warrant closer examination in subsequent design
iterations. Because the evaluation involved non-disabled proxy participants, these impasses
should not be interpreted as direct evidence of the barriers experienced by individuals with
upper-limb impairments. They instead suggest areas in which the current voice-command
implementation might benefit from clearer command phrasing, improved feedback, or simplified
workflow support.

4.2. Interpreting task-completion time in the preliminary evaluation

Task-completion times varied considerably across the scenario, ranging from 9 to 240 seconds.
The longer mean durations recorded for Tasks 1, 7, 8, 9, 10, and 11 indicate that these operations
required more time within the assisted evaluation protocol. However, the tasks differed in their
number of steps, command requirements, dependence on previous actions, and likelihood of
facilitator assistance. The observed time differences therefore cannot be attributed to a single
interaction problem.

The task durations are useful as descriptive indicators of operations requiring further
investigation, but they should not be interpreted as direct measures of efficiency, accessibility,
fatigue, frustration, cognitive load, or willingness to adopt the system. No standardised workload,
fatigue, satisfaction, or cognitive-load instrument was administered, and the study did not include
a comparison condition using conventional mouse-and-keyboard interaction.

Cognitive-load theory distinguishes demands inherent in a complex task from avoidable demands
introduced by the way information and interaction are structured (Paas & van Merriénboer,
2020). In the present scenario, command formulation, state tracking, error recovery, and
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transitions across multi-step operations could plausibly contribute to cognitive demand. This
interpretation remains theoretical because cognitive load was not measured directly.

Future evaluations should separate speech-recognition latency, command-formulation and
repetition time, system-response time, facilitator assistance, and independent task-execution
time. Studies involving the intended user population should also combine performance measures
with validated self-report instruments and qualitative accounts of effort, comfort, and interaction
experience.

4.3. Positioning the rule-based approach in relation to adaptive Al

The deterministic architecture used in the original development should not be interpreted as a
claim that rule-based systems are technically superior to machine-learning or generative-Al
approaches. The prototype was designed to execute a bounded set of computer operations
through explicit parent-command, sub-command, priority, and executable-code mappings. For
this early-stage implementation, the architecture allowed the command logic and action
mappings to be inspected directly, did not require a task-specific training dataset, and permitted
the command vocabulary to be extended through database updates (Keles, 2024).

These properties were accompanied by important limitations. The system depended on
predefined expressions, required manual intervention when new commands or alternative
formulations were added, and could not learn automatically from user interaction. Recent voice-
interface research includes more adaptive alternatives. AutoVCl, for example, generates voice-
command mappings from smartphone operation sequences and uses accumulated interaction
information to improve semantic understanding. More recently, Savant has used large language
models to enable blind screen-reader users to issue flexible natural-language commands across
different computer applications (Kodandaram et al., 2024; Pan et al., 2022).

One possible future direction would be a hybrid architecture in which an adaptive language model
interprets paraphrases or higher-level intentions, while a deterministic execution layer restricts
the resulting action to a predefined set of validated computer operations. Such an architecture
could request confirmation when the interpreted intention is ambiguous and could use logged
corrections to support subsequent personalisation. This hybrid proposal was not implemented or
evaluated in the present study. Because no direct comparison with machine-learning or large-
language-model approaches was conducted, the current findings do not establish the superiority
of the rule-based architecture.

4.4. Implications for Design for All and inclusive interaction design

Design for All requires more than the provision of an alternative input channel. It requires
interaction methods that accommodate diverse abilities and preferences, provide meaningful
choices, and avoid placing the full burden of adaptation on the user. The Universal Design
principles most relevant to the present system include equitable use, flexibility in use, simple and
intuitive use, tolerance for error, and low physical effort. Ability-Based Design similarly
emphasises what individual users can do and how an interactive system can adapt to those
abilities rather than designing solely around diagnostic categories (Center for Universal Design,
1997; Wobbrock et al., 2011).

Within the limited scope of the preliminary voice-command evaluation, the observations suggest
the following considerations for future design:
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e Provide choice without requiring every user to employ every modality. A future multimodal
version should allow users to select voice commands, face/head-based control, or other
compatible access methods according to their abilities, preferences, context, and task. The
modalities should offer alternative or complementary routes rather than requiring a fixed
combination. Command vocabulary, confirmation requirements, and interaction pace should
also be adjustable where technically feasible.

o Simplify and clarify multi-step workflows. The concentration of facilitator assistance in
selected browser, text-manipulation, and file-operation tasks indicates that users may benefit
from explicit step prompts, clear information about the current system state, and
confirmation before consequential actions. These features would support simple and intuitive
use without assuming that all users have the same technical experience.

e Make recognition, errors, and recovery visible. The interface should communicate what
expression was recognised, what action will be performed, and why an action could not be
completed. Functions such as repeating the last command, displaying available commands,
cancelling an action, and undoing the previous operation could help reduce reliance on
external assistance. Audible and visual feedback should be considered as complementary
options rather than as interchangeable requirements for every user.

e Support personalisation where feasible. Differences in motor control, speech, preferred
interaction pace, fatigue, prior computer experience, and environmental conditions may
affect which interaction configuration is appropriate. Future versions could therefore include
user-adjustable settings rather than assuming that one default configuration will serve all
intended users.

e Involve intended users throughout design and validation. Proxy-user evaluation may identify
preliminary technical and workflow problems, but it cannot establish equitable use or
accessibility for individuals with upper-limb impairments. Subsequent development should
involve people with diverse upper-limb access requirements in requirements elicitation,
iterative co-design, usability testing, and longer-term evaluation.

These considerations translate the preliminary observations into prospective inclusive-design
considerations rather than validated accessibility outcomes. The present study points to
interaction points that may warrant refinement within the Turkish voice-command module; it
does not demonstrate that the current prototype already achieves equitable use, low physical
effort, or effective personalisation for the intended user population.

4.5. Accessibility as a socio-technical and rights-based concern

Disability is not treated in this study solely as an individual deficit to be compensated for through
technology. The social model of disability directs attention towards barriers created by
environments, institutions, and design decisions. Disability Studies has similarly encouraged
assistive-technology researchers to examine how problems are defined, whose expertise is
prioritised, and whether disabled people participate meaningfully in research and design
(Mankoff et al., 2010; Oliver, 1990). In the context of computer access, exclusion may emerge
from the interaction among individual motor or speech characteristics, hardware, operating-
system conventions, command vocabulary, application design, recognition performance,
environmental conditions, and available support.

The World Wide Web Consortium (2024) also presents accessibility as the outcome of
interdependent components rather than of content alone. These components include content,
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user agents, assistive technologies, users’ knowledge and strategies, developers, authoring tools,
and evaluation tools. WCAG primarily addresses web content, whereas the wider W3C framework
also includes guidance for user agents and authoring tools. Although the present prototype was
not evaluated for conformance with WCAG, UAAG, or ATAG, this wider perspective is relevant
because successful computer access depends on how the speech-recognition service, operating
system, applications, feedback mechanisms, access technologies, and user strategies function
together.

Article 9 of the Convention on the Rights of Persons with Disabilities frames access to information
and communication technologies as a condition for independent living and participation on an
equal basis with others (United Nations, 2006). Accordingly, future evaluation should consider
not only whether a predefined task can eventually be completed, but also whether users can
interact with autonomy, choice, privacy, acceptable effort, and reduced dependence on third-
party assistance. These questions require direct participation by people with diverse upper-limb
access requirements and evaluation within realistic contexts of use.

Within this socio-technical and rights-based framing, the current proxy-user study should be
understood as a preliminary engineering and workflow evaluation. Non-disabled proxy
participants may help identify initial technical problems and unclear task transitions, but they
cannot substitute for the lived expertise of intended users or establish equitable access,
independent participation, or social inclusion. The scope of the present evaluation is therefore
limited to documenting the prototype, reporting preliminary interaction points that may warrant
refinement, and outlining considerations for subsequent co-design and target-user validation.

4.6. Limitations

The most important limitation is that the post-development evaluation involved 25 non-disabled
proxy participants rather than individuals with upper-limb impairments. Although the earlier
formative consultations included two individuals with upper-limb impairments and one individual
with a visual impairment, those consultations occurred before completion of the system and did
not constitute usability or performance testing. The findings therefore cannot establish
accessibility, usability, effectiveness, autonomy, or reduced physical effort for the intended user
population.

The participant-based evaluation concerned only the Turkish voice-command module. The
face/head-motion cursor-control module was examined through developer testing during
implementation but was not used by the 25 participants. Consequently, the study does not
provide participant-level evidence concerning cursor accuracy, pointing performance,
multimodal interaction, modality switching, or conflict resolution between voice and head-
motion input.

Task completion occurred within an assisted protocol. All participants eventually reached the
predefined outcome for every task, but verbal guidance was provided when they reached an
impasse. Completion should therefore not be interpreted as fully independent performance.
Assistance was recorded as a task-level occurrence but was not classified using a formal error or
assistance taxonomy, which limits conclusions concerning the precise causes and severity of the
observed difficulties.

The study used a small and heterogeneous convenience sample. Prior experience with voice
interfaces, familiarity with the applications used in the scenario, digital proficiency, age-related
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factors, and individual command strategies were not systematically measured or controlled.
These limitations restrict the interpretation and generalisability of the descriptive results.

The reported completion times represented whole-task durations within a sequential scenario.
They may include task interpretation, command formulation or repetition, speech-recognition
and system-response time, dependence on earlier tasks, facilitator assistance, and task execution.
Fitts’s Law requires movement amplitude and target width, whereas Steering Law requires path
geometry such as path width and length (Accot & Zhai, 1997; Soukoreff & MacKenzie, 2004).
Because target width, movement amplitude, target coordinates, isolated movement time, and
path geometry were not recorded, the available data do not support a valid Fitts’s Law or Steering
Law analysis.

No conventional mouse-and-keyboard condition, alternative voice interface, machine-learning
system, or large-language-model-based interface was included for comparison. The findings
consequently do not demonstrate that the developed rule-based architecture is more efficient,
usable, accurate, or accessible than contemporary alternatives.

No standardised instrument was used to measure usability, satisfaction, workload, cognitive load,
fatigue, comfort, perceived autonomy, or intention to use the system. Post-scenario comments
were collected and interpreted descriptively rather than through a predefined qualitative coding
framework. The study was also limited to short, researcher-observed sessions and did not
examine longitudinal use, learning effects, personalisation, environmental variation, privacy
concerns, or integration into participants’ everyday computer activities.

Speech-to-text conversion relied on Google Speech Recognition. Recognition performance may
therefore be influenced by the external service, microphone characteristics, network conditions,
background noise, pronunciation, and changes to the service beyond the control of the
developed system. The present study did not isolate or systematically compare these factors.

4.7. Future work

Future research should directly involve individuals with diverse upper-limb access requirements.
Intended users should participate not only as final evaluators but also in requirements elicitation,
iterative co-design, prototype refinement, and the selection of meaningful outcome measures.
Participant reporting should describe relevant functional abilities, preferred access methods,
prior experience, and contextual factors without reducing participants to diagnostic labels.

The Turkish voice-command and face/head-motion modules should initially be evaluated
separately. For the voice-command module, future studies should record recognition accuracy,
command-success rate, response latency, repetitions, reformulations, errors, recovery actions,
independent task completion, and facilitator assistance. Testing should also examine variation in
pronunciation, speech characteristics, background noise, microphone quality, network
conditions, and familiarity with the command vocabulary.

The face/head-motion module requires a controlled participant-based pointing evaluation.
Target width, movement amplitude, target location, movement time, selection errors, and
calibration requirements should be recorded systematically. These data would permit
appropriate Fitts’s Law analyses (Soukoreff & MacKenzie, 2004) and, where path-constrained
movement is examined, Steering Law analyses (Accot & Zhai, 1997). The evaluation should also
consider comfort, physical effort, unintended movement, fatigue, and the need for adjustable
sensitivity, dwell time, and confirmation mechanismes.
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After each input method has been evaluated independently, the complete multimodal system
should be assessed to explore whether the modalities function as useful alternatives or
complementary forms of interaction. Future work should define how users select or switch
modalities, how ambiguous input is handled, whether confirmation is required before
consequential actions, and how the system responds when the modalities produce conflicting
signals. These mechanisms should be evaluated rather than assumed from the existence of
multiple input channels.

Multimodal interfaces may use complementary input signals to reduce recognition ambiguity, but
this benefit depends on explicitly designed temporal integration, confirmation, and conflict-
resolution rules (Oviatt, 2000). The present prototype did not implement or evaluate such
mutual-disambiguation mechanisms.

Comparative studies should examine the rule-based system alongside conventional mouse-and-
keyboard interaction, existing accessibility tools, and adaptive voice-interface approaches. A
hybrid architecture could use an adaptive language model to interpret paraphrases or higher-
level intentions while retaining a deterministic execution layer that restricts actions to a validated
command set. Such a design would require explicit confirmation, transparent feedback, error
recovery, privacy protection, and safeguards against unintended computer actions. Its
effectiveness should be established through direct comparison rather than theoretical claims.

Future evaluations should combine objective performance data with validated measures of
usability, workload, cognitive load, comfort, satisfaction, perceived autonomy, and intention to
use. Qualitative interviews or think-aloud sessions could provide further insight into command
formulation, trust, privacy concerns, preferred feedback, and dependence on external assistance.
Any qualitative analysis should use a clearly described coding and reliability procedure.

Finally, longitudinal studies in realistic contexts are needed to examine learning, personalisation,
sustained use, environmental variation, and integration into everyday computer activities.
Evaluation should consider not only task completion and speed but also autonomy, user choice,
acceptable effort, privacy, reliance on third-party assistance, and participation in education,
employment, communication, and other areas of digital life.

5. Conclusion

This study documented an early-stage computer-access prototype comprising a Turkish voice-
command module and a face/head-motion cursor-control module, and reported a preliminary
scenario-based evaluation limited to the voice-command module. Twenty-five non-disabled
proxy participants completed 19 tasks within an assisted protocol. All participants reached the
predefined outcome for each task, but facilitator assistance was recorded in 28 task-participant
instances across six tasks, and mean task-completion times ranged from 9 to 240 seconds. These
observations point to operations that may warrant further examination, particularly web-content
interaction, text manipulation, file creation, and application navigation.

Within its limited scope, the study documents an early-stage Turkish computer-access prototype
and reports preliminary interaction problems observed in the voice-command evaluation. The
observations suggest possible areas for future development, including clearer command and
system-state feedback, accessible error recovery, personalisation, user choice, and direct
involvement of intended users in co-design and evaluation. Future studies could evaluate the two
modules independently before examining their combined use, recruit participants with diverse
upper-limb access requirements, collect the variables required for appropriate pointing-
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performance analyses, and compare the deterministic architecture with adaptive alternatives.
The present results should be treated as preliminary and should not be interpreted as evidence
that the system has achieved effective or equitable computer access.
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