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Abstract

This study investigated the feasibility of delivering Semantic Feature Analysis (SFA) within a fully immersive virtual reality
(VR) environment for adults with normal cognitive aging (NCA) and communication disorders (CSD). The scope included
short-term semantic feature training, baseline assessments, and evaluation of engagement and acceptability. Thirty-five
adults (11-younger, 11-older, and 13-CSD) completed a two-phase protocol involving standardized SFA and VR-delivered
SFA (VRSFA) across five tasks: picture naming, associative matching, common feature identification, semantic feature
questions, and integrated SFA training. Participants completed cognitive and language assessments pre- and post-
intervention, with qualitative feedback gathered through thematic analysis. Quantitative data were analyzed using non-
parametric tests to assess group differences and task effects. Findings indicate that immersive VR is a feasible, engaging,
and promising approach for delivering evidence-based semantic-feature training for individuals with typical and impaired
cognitive communication profiles. Results support continued exploration of VR as a scalable and accessible rehabilitation
modality in speech-language pathology.
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Prolonged life expectancy, early disease detection, and advances in medical treatment have enabled individuals to live
significantly longer while managing complex and chronic medical conditions well into older adulthood. This population level
demographic shift has created increased demands on healthcare systems, especially in areas related to cognitive and
communication abilities, as well as age-related changes in memory, processing speed, and executive functioning, which place
individuals at greater risk for functional communication decline (Blazer et al., 2015; Crimmins, 2015; Maresova et al., 2019;
Thakur et al., 2013). Projections from the World Health Organization indicate that the proportion of individuals aged 60 and
older will nearly double, from 12% to 22%, over the next three decades, underscoring the need to expand rehabilitation
supports to meet this rapidly growing segment of the population (WHO, 2022). Additionally, best practices for aging-in-place
emphasize the strategies that promote independence in activities of daily living, improve access to services, and reduce strain
on healthcare and community resources (Ratnayake et al., 2022). As workforce shortages and health system costs increase,
and challenge traditional service delivery, growth in digital health solutions has become essential to addressing these issues.
Technology-based innovations such as virtual and remote treatment methods are emerging as promising tools to expand
rehabilitative support for both typical cognitive aging and individuals living with communication disorders (Lasaponara et al.,
2021; Ningrum & Kung, 2023; Tortora et al., 2024).

Adults experiencing cognitive aging may demonstrate declines in spatial ability, reasoning, prospective and episodic
memory, selective and divided attention, working memory, information processing speed, and executive functioning (Blazer et
al., 2015). These typical declines associated with the normal aging processes may also be exacerbated by neurological
injuries or disease, resulting in acquired cognitive-communication disorders that significantly disrupt word retrieval, semantic
representation, and communicative effectiveness. Examples of such disorders include aphasia, traumatic brain injury,
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dementia, mild cognitive impairment, and primary progressive aphasia, each of which introduces challenges for management
of activities of daily living and autonomy (Bonanno et al., 2022; Calderone et al., 2023; Efstratiadou et al., 2018; Flanagan et
al., 2016; Henry et al., 2019; Marshall et al., 2018; Massaro & Tompkins, 1994; Zhu et al., 2022). Individuals with these
conditions often require cognitive linguistic interventions that simultaneously target language, semantic memory, working
memory, and executive functioning to support communication and improve daily functioning. Given current population trends,
developing versatile, effective, and scalable alternative service delivery solutions are needed to mitigate the increasing burden
on rehabilitation providers and healthcare systems and ensure equitable access to person-centered care.

Virtual Reality (VR) potentially offers a novel, accessible, and cost-effective means to address these challenges by
providing simulated, interactive environments that can replicate and/or approximate real-world activities and tasks essential for
daily communication performance. VR platforms vary in their immersion level, sense of presence, and opportunities for
interaction, ranging from non-immersive screen-based displays to fully immersive head-mounted systems equipped with
motion sensors that enable naturalistic engagement with a virtual environment (Faria et al., 2023; Gunduz et al., 2023;
Sokolowska, 2024). These technologies have demonstrated growing utility in neurorehabilitation, supporting both cognitive
and physical training in engaging formats designed for skill generalization. Studies investigating VR-based interventions for
cognitive aging have reported improved cognitive function and positive effects on memory, attention, cognitive flexibility, and
executive function (Bonanno et al., 2022; Calderone et al., 2023; Rizzo et al., 2020; Tuena et al., 2019). Research has also
shown that immersive virtual environments such as kitchens, supermarkets, shopping malls, and city streets provide
ecologically valid contexts that mirror performance patterns observed in real-world settings, suggesting the potential to
strengthen functional outcomes in communication and daily life (Allain et al., 2014; Faria et al., 2023; Kourtesis et al., 2020,
2021; Sokolowska, 2023). Beyond benefits to engagement, VR-based interventions support the transition of therapy into home
settings and align well with the expansion of telepractice services, thereby enhancing access for populations with
transportation, mobility, or geographic barriers (Bonanno et al., 2022; Sevcenko & Lindgren, 2022).

While the promise of VR in communication sciences and disorders is significant, using this technology therapeutically
continues to require rigorous research to establish feasibility and subsequently determine implementation standards.
Continued investigation is needed to define intervention intensity and duration, identify best practices for skill generalization,
and develop standardized approaches for measuring clinical outcomes (Bryant et al., 2020; Rizzo et al., 2020). Research is
also needed to examine cybersickness and user experience across diverse populations (Faria et al., 2023; Sokolowska, 2023;
Tortora et al., 2024). Further research is also needed to establish technological design considerations such as aging and
clinically friendly interfaces, familiarity in the environments selected, privacy and cybersecurity protections, and clear clinical
guidelines to ensure safety and successful usability for both clinicians and patients (Bryant et al., 2020; Healy et al., 2022;
Kouijzer et al., 2023; Sokolowska, 2023).

Semantic Feature Analysis (SFA) is a well-established, evidence-based intervention that targets word retrieval deficits by
strengthening semantic networks through systematic activation of semantic features, thereby supporting lexical access and
promoting cognitive-linguistic engagement across memory and executive function systems (Baddeley, 2003; Boyle & Coelho,
1995; Boyle, 2004, 2010; Coelho et al., 2000). Semantic Feature Analysis training has been found to improve cognitive
function for persons with Aphasia, traumatic brain injury, Alzheimer's dementia, primary progressive aphasia, and individuals
experiencing declines associated with normal cognitive aging or mild cognitive impairment, indicating its broad applicability
across communication-impaired populations (De Marco et al., 2021; Efstratiadou et al., 2018; Flanagan et al., 2016; Henry et
al., 2019; Marshall et al., 2018; Rebstock & Wallace, 2020; Massaro & Tompkins, 1994; Taler et al., 2020). The cognitive
complexity and multi-domain neural pathways associated with semantic retrieval make SFA an intervention particularly suited
for delivery in an enriched, interactive virtual environment across a heterogeneous clinical demographic. Preliminary studies
integrating SFA and VR suggest positive outcomes in word finding, functional communication, and skill maintenance following
treatment in a simulated, non-immersive virtual world (Marshall et al., 2018). These findings support continued investigation
into the use of fully immersive VR systems that may further enhance the literature regarding ecological validity, engagement,
and generalization into daily communicative contexts.

Given the expanding need to provide cost-effective, accessible rehabilitation for adults with communication and cognitive
decline, pairing SFA intervention with immersive VR represents a logical next step to establish feasibility and advance the
literature on novel, cost-effective, and potentially scalable service delivery solutions. The purpose of this study is therefore to
examine the feasibility and effects of delivering SFA in a fully immersive VR environment, compared with traditional cognitive
rehabilitation therapy, for adults with normal cognitive aging and those with acquired cognitive communication disorders. In
doing so, this investigation contributes to the growing literature on the evidence-based use of VR in communication sciences
and disorders and aligns with calls for research on VR-based cognitive-communication outcomes that support the
development of aging-friendly intervention frameworks.
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Methodology

Participants included 22 adults with normal cognitive aging and 13 with communication disorders. Groups included eleven
younger adults ages 18-30 years old (Mean = 22.45, SD = 2.16), eleven older adults ages 55-90 years old (Mean = 66.91, SD
= 9.68), and thirteen adults with communication disorders (CSD) ages 20-72 years old (Mean = 42.15, SD = 21.25). Gender
Identity was reported as 23 women, 11 men, and 1 non-binary participant. Sex was identified as 25 females and 10 males.
Individuals with communication disorders had a neurological history of their diagnosis or related etiologies verified by medical
history and documentation. The communication disorders group included individuals with language or cognitive deficits. See
Table 1 for Demographic and Assessment Data. Given that this was a feasibility study, a heterogeneous sample of individuals
with communication disorders was included to provide insight regarding the clinical utility of this advanced technology in a
typically diverse rehabilitation setting. Cognitive and language deficits result from a variety of acquired disorders and etiologies
that lead to pathophysiological impairment of neurological and cognitive-communication networks. SFA has been assessed for
efficacy across these populations in its traditional format. However, the implications of delivering SFA via advanced technology
remain unclear, particularly factors related to cognitive load, tolerance, and outcome measures for each study participant.
Baseline measures for language and cognitive-communication disorders were taken. The medical history intake worksheet
was used to collect current hearing and vision evaluations. Participants who required hearing aids or visual aids (e.g., glasses
or contacts) used each throughout the protocol. Furthermore, before each phase and modality of the protocol, visual and
auditory acuity for the protocol stimuli was verified. All participants were proficient in the English language.

Standardized assessments for cognitive and communication functioning were used to establish baselines in general
cognitive function, expressive language, phonological and auditory processing, short-term memory, working memory, cognitive
processing speed, attentional control, word fluency, and word retrieval. Standardized assessments included the Montreal
Cognitive Assessment (MoCA) (Nasreddine, 2010), the Boston Naming Test (BNT) (Kaplan et al., 1983), and the Woodcock-
Johnson Test IV (WJ IV COG) Test of Cognitive Abilities (Schrank & Wendling, 2018). From the WCJIV Test, the following
sections were administered: Section 5. Phonological Processing (Auditory Processing), Section 10. Numbers Reversed, and
Section 17. Pair Cancellation. In addition, informal Word Fluency tasks were used to assess phonemic and categorical naming
(dePaula et al., 2015; Gonzalez-Recober et al., 2023; Shao et al., 2014).

Test administration was approximately 30 minutes to 1 hour, depending on participant variability, with breaks available
anytime. All individuals received their results regardless of study inclusion. Individuals who met age and previous diagnosis
requirements were able to participate. See Table 1 for Demographic and Assessment Data. Participants were assessed by a
graduate student in Communication Sciences and Disorders, who was supervised by the Principal Investigator (PI) and a
certified speech-language pathologist. The Pl and student research clinicians reviewed the results and questions with the
participants.

Table 1

Demographic and Assessment Data for Each Participant

Participant Age Gender  Sex MoCA BNT WJIV COG-5 WJIVCOG-10 WJIV COG-17
Younger Raw SS Raw SS Raw SS (68%
Adults score  (68% score (68%  score Band)
Band) Band)
001 22 Woman Female 29 15 54 105 1 78 78 92 (87-
(96- (72- 97)
113) 83)
002 23 Man Male 26 15 68 103 21 110 74 88 (83-
(97- (106- 94)
108) 114)
003 25 Woman Female 29 13 52 93 (88- 23 114 95 104 (99-
98) (110- 108)
119)
004 20 Woman Female 30 14 70 111 20 108 80 94 (89-
(103- (103- 99)
119) 112)
005 24 Woman  Female 30 14 50 100 8 63 104 110 (105-
(93-108 (57- 115)
69)
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024 23 Man Male 30 14 82 124 25 120 55 72 (67-
(117- (115- 76)
131) 124)
025 22 Man Female 24 14 77 121 6 53 40 59 (54-
(113- (46- 65)
129) 60)
026 42 Woman  Female 27 12 51 93 (88- 17 100 107 116 (111-
97) (95- 120)
104)
027 64 Woman  Female 27 15 67 125 20 113 74 100 (94-
(118- (109- 105)
132) 117)
028 71 Man Male 25 14 48 96 (92- 9 77 42 79 (74-
99) (72- 84)
83)
029 20 Woman  Female 25 13 43 89 (82- 12 82 69 83 (78-
96) (77- 89)
88)
030 59 Woman  Female 25 14 48 87 (81- 9 60 51 95 (87-
94) (45- 103)
74)
031 65 Man Male 22 15 67 98 (91- 2 <40 74 96 (85-
104) (<40- 107)
44)
032 62 Man Male 24 14 44 90 (83- 6 60 89 112 (103-
97) (47- 120)
73)
033 22 Woman Female 28 12 37 71(62- 6 53 87 99 (90-
80) (<40- 107)
66)
034 58 Man Male 27 15 56 97 (90- 14 94 78 101 (90-
104) (85- 112)
104)
035 18 Woman Female 22 10 31 64 (54- 2 <40 3 <40 (<40-
73) (<40- <40
<40

Note. MoCA raw scores range 0-30. BNT raw scores range 0-15. The three WJ IV COG Subtests (5 Phonological and
Auditory Processing, 10 Numbers Reversed, 17 Pair Cancellation) are presented with raw and standard scores, along with
68% confidence bands.

Participants were recruited from a mid-west community. This primarily included posting fliers and brochures to businesses
and facilities (with business and facility permission) throughout the community, such as grocery stores, restaurants, libraries,
community centers, churches, independent living communities, and rehabilitation facilities. Ethical approval for this study was
received from the lllinois State University Institutional Review Board (IRB-2019-568).

Procedures

All procedures described below are consistent with the protocol description in Harvey-Northrop, Cuellar, and Chang
(2023, 2026).

SFA Protocol Design

Semantic Feature Analysis training tasks include naming and describing category, function, action, location, association,
and properties (Efstratiadou et al., 2018). To study semantic function, researchers (Taler et al., 2020) examined skills of
naming, association, properties/common features, and function. The current SFA protocol integrated the skill isolation tasks
reported by Taler et al. (2020) to investigate SFA skills individually and in a Semantic Feature Analysis Training Task, which
includes all six SFA skills. Stimuli were evenly matched across verbs, artifacts, and biological pictures (Balota et al., 2007;
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Taler et al., 2020) and replicated from Taler et al. (2020). The VR SFA stimuli were type-matched for the VR kitchen
environment. Due to the length of the protocol (e.g., SFA and VRSFA), data collection was modified to 10 trials per task, 50%
of the Taler et al. (2020) protocol.

VR Protocol Design

The methods for the VR protocol incorporated guidelines from recommendations in the literature (Dermody et al., 2020;
Healy et al., 2022; Rizzo et al., 2020; Tuena et al., 2020). The graphical engine to render the virtual world within the Meta
Quest 2 head-mounted display (HMD) was the commercially available Unity 5.0 (“Unity,” n.d.). The virtual reality environment
was designed so the user could explore the space with the standard Quest 2 controllers using only one standard button and
the toggle button. To reduce the likelihood of cybersickness caused by a discrepancy between the perceived and actual body’s
orientation and motion, the speed of movement and the gravity in the VR space were modified (Gallagher & Ferre, 2018; Oh &
Son, 2022). Participants were provided with a VR technology orientation session that included verification of vision, auditory,
and dexterity skills; orientation to the kitchen environment; VR SFA protocol in the kitchen; and a VR environment survey. The
VR environment was projected onto a SmartBoard throughout all phases of the VR protocol, allowing researchers to guide
participants in the VR environment and provide feedback as needed.

Protocol Phases

Phase 1- SFA Protocol

In phase 1 of the protocol, participants completed 5 SFA training tasks: Picture Naming, Associative Matching, Common
Feature Identification, Semantic Feature Questions, and the Semantic Feature Analysis Task (Efstratiadou et al., 2018;
Harvey-Northrop et al., 2023, 2026; Talor et al., 2020).

Task 1: Picture Naming. Picture Naming tasks are applied to examine the ability to recall the name of a given picture or
object (Harvey-Northrop et al., 2023, 2026; Taler et al., 2020). Two modalities of responses, spoken and written, were trialed
for picture naming (Taler et al., 2020). Participants were asked to “Name the following items” in the spoken picture naming
task (Harvey-Northrop et al., 2023, 2026). Verb, artifact, and biological pictures were evenly distributed and presented
individually (Balota et al., 2007; Taler et al., 2020) for ten trials. In the written picture naming task, participants were asked to
“Write the name of the following items.” (Harvey-Northrop et al., 2023, 2026). Like spoken picture naming, the written picture
naming task includes unique stimulus sets with an even distribution of verb, artifact, and biological pictures over ten trials.
Accuracy data and error responses were collected throughout the 20 total trials of picture naming.

Task 2: Associative Matching. Associative Matching tasks are used to assess the association of two pictures, objects, or
words (Harvey-Northrop et al., 2023, 2026; Taler et al., 2020). Two modalities of target stimuli, picture and typed word target,
were trialed for associative matching (Taler et al., 2020). Participants were asked to “Point to the associated image” in the
picture target associative matching task (Harvey-Northrop et al., 2023, 2026). The picture target was placed above a row of
four equally distributed artifacts and biological pictures (Balota et al., 2007; Taler et al., 2020). Participants were required to
point to the associated image in the four-picture row for ten trials. Similar to the picture target associative matching task, the
typed word target associative matching task included unique stimulus target sets with an even distribution of artifacts and
biological pictures (Balota et al., 2007; Taler et al., 2020), where participants were asked to “Point to the associated image”
over ten trials. Accuracy data and error responses were collected throughout the 20 total trials of associative matching.

Task 3: Common Feature Identification. The Common Feature Identification tasks aim to test the capacity to recognize
similar characteristics of paired objects, words, and pictures (Harvey-Northrop et al., 2023, 2026; Taler et al., 2020). In the
initial common feature identification task, two words were provided verbally, and the participants were asked, “What is a
common feature between those two words?” (Harvey-Northrop et al., 2023, 2026). For example, racquet and bat, where the
correct response is a tool for hitting a ball during sports activities. An additional prompt, “Is there another way that these two
things are similar?” was provided if the participant did not respond or if the response was vague (Taler et al., 2020, p.3). The
second common feature identification task provided a written sheet of four sets of words, visually and verbally. Participants
were instructed to “Choose two items. What is a common feature between those two words?” (Harvey-Northrop et al., 2023,
2026). Each subtask included ten trials where stimuli were equally distributed artifacts and biological pictures (Balota et al.,
2007; Taler et al., 2020). Accuracy data and error responses were collected across the 20 total trials of common feature
identification.
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Task 4: Semantic Feature Questions. Semantic feature question tasks are used to examine semantic knowledge of an
object, word, or picture (Harvey-Northrop et al., 2023, 2026; Taler et al., 2020). Participants were provided the following
instruction during the semantic feature question task, “I am going to ask you some questions; please respond with yes or no”
(Harvey-Northrop et al., 2023, 2026). For example, “Do pianos have strings?” (Taler et al., 2020, Suppl. p.6). Questions were
distributed equally between biological and artifact items (Taler et al., 2020). Accuracy data and error responses were collected
throughout the 12 total trials of semantic feature identification.

Task 5: Semantic Feature Analysis Training Task. The semantic feature analysis training task incorporates skills in
previous tasks (naming association, feature identification, function) and includes additional skills in the areas of category,
function, action, location, association, and properties (Efstratiadou et al., 2018; Harvey-Northrop et al., 2023, 2026) for
examination of item description and recall. Participants were auditorily presented with six stimuli (three nouns and three verbs)
and six questions for each target (Harvey-Northrop et al., 2023, 2026). Noun stimuli questions were aimed at category,
function, action, location, association, and properties (Efstratiadou et al., 2018). Example questions include, “What is it used
for?”, “Where do you find it?”, and “What does it look like?” (Harvey-Northrop et al., 2023, 2026). Verb stimuli questions were
aimed at the subject, purpose, how, location, association, and properties (Efstratiadou et al., 2018). Example questions
include, “Who usually does this?”, Why does this happen?”, and “Where does this happen?” (Harvey-Northrop et al., 2023,
2026). Accuracy data and error responses were collected throughout the 36 total trials of the semantic feature analysis training
task.

Technology Orientation and Training

Consistent with Harvey-Northrop et al. (2023, 2026), participants were provided a 5 to 10-minute break following
administration of the SFA Protocol, and the Technology Orientation and Training was then completed. The graduate research
clinician provided instruction and practice to the participant on hardware, software, and the VR environment (Harvey-Northrop
et al., 2023, 2026). Screening and verification of visual and auditory acuity for the VR headset and environments, and of
dexterity for using the controller, were completed. Technology settings were adjusted as necessary. The VR kitchen
environment was introduced, and participants were given 5 to 10 minutes to explore (Harvey-Northrop et al., 2023, 2026).

Phase 2- VR SFA Protocol

In the VR SFA protocol, tasks were administered in the same five areas: Picture Naming, Associative Matching, Common
Feature Identification, Semantic Feature Questions, and the Semantic Feature Analysis Task (Efstratiadou et al., 2018;
Harvey-Northrop et al., 2023, 2026; Talor et al., 2020) in the VR environment. The virtual environment was a kitchen, providing
an immersive, ecologically valid context for engaging in intervention protocols within the activities of daily living (ADL) (Allain et
al., 2014; Faria et al., 2023; Kourtesis et al., 2020, 2021; Sokolowska, 2023). For the purposes of this feasibility study,
equivalent stimuli were created in the virtual environment for categories of verbs, artifacts, and biological pictures (Balota et
al., 2007; Taler et al., 2020). The current VR environment does not permit in-world writing at this time. Therefore, the written
subtasks were omitted from the VR SFA protocol (Harvey-Northrop et al., 2023, 2026).

Task 1: VR Picture Naming. The VR Picture Naming task included verbal picture naming (Harvey-Northrop et al., 2023,
2026). Participants were given the following instructions: “Look at the kitchen island. Name the items on the kitchen island.
Now, look at the kitchen oven and counter. Name the items on the kitchen oven and counter.” (Harvey-Northrop et al., 2023,
2026). Accuracy and error responses were collected across 10 total picture-naming trials in the virtual reality kitchen
environment.

Task 2: VR Associative Matching. For the VR Associative Matching task, participants were provided the following sets of
instructions, “Look at the kitchen island. Pick up one item. Pickup a second item in your other hand that is associated.” and
“Now, complete the same task with items on the kitchen oven and counter. Pick up one item. Pick up a second item in your
other hand that is associated.” (Harvey-Northrop et al., 2023, 2026). Accuracy data and error responses were collected for ten
total trials of associative matching in the virtual reality kitchen environment.

Task 3: VR Common Feature Identification. In the VR Common Feature Identification task, two words were provided
verbally, and the participants were asked, “Now, | will name two words. What is a common feature between those two words?”
(Harvey-Northrop et al., 2023, 2026). For example, plate and frisbee, where the correct response is that they are both round
disc shapes. An additional prompt, “Is there another way that these two things are similar?” was provided if the participant did
not respond or if the response was vague (Harvey-Northrop et al., 2023, 2026; Taler et al., 2020, p. 3). Response accuracy
and errors were collected across the ten total trials of common-feature identification in the virtual reality kitchen environment.
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Task 4: VR Semantic Feature Questions. Participants were provided the following instructions for the VR Semantic
Feature Questions task: “l am going to ask you some questions; please respond with yes or no” (Harvey-Northrop et al., 2023,
2026). For example, “Are earmuffs usually used in summer?” (Taler et al., 2020, Suppl. p.6). Accuracy data and error
responses were collected during the 12 trials (six biological, six artifact items) (Taler et al., 2020) of semantic feature questions
in the virtual reality kitchen environment.

Task 5: VR Semantic Feature Analysis Training Task. In the VR Semantic Feature Analysis task, three nouns and three
verbs related to kitchen activities of daily living were verbally presented (Harvey-Northrop et al., 2023, 2026). In alignment with
the SFA protocol, participants were asked the same six questions for each noun or verb stimulus. Accuracy and error
responses were collected throughout the 36 total trials of the semantic feature analysis training task in the virtual reality
kitchen environment.

Post Protocol Survey & Post Informal Word Fluency Probe

In alignment with the Harvey-Northrop et al. (2023, 2026) protocol, participants completed the VR environment survey
following the VR SFA tasks. Questions about the overall experience, process, and environment were included in the survey
(Harvey-Northrop et al., 2023, 2026). The SFA and VR SFA protocols both concluded with the informal word fluency probe.

Post-Program Participant Education

Finally, participants were provided with educational handouts regarding (1) cognitive scores and functions, (2) semantic
feature analysis training and tips, and (3) virtual reality training and tips (Harvey-Northrop et al., 2023, 2026). The graduate
research clinician reviewed the findings and answered any questions for the standardized assessments and recommendations
for each participant under the guidance and supervision of the PI (Harvey-Northrop et al., 2023, 2026). For both the SFA and
VR handouts, the graduate clinician overviewed the purpose, evidence-based research, and tips for use during everyday life,
with links to resources.

Measures

Throughout the protocol, qualitative and quantitative data were documented (Harvey-Northrop et al., 2023, 2026). The
post-protocol survey was used to gather qualitative data. Standardized pre-assessment measures, semantic function accuracy
across five SFA tasks and five VR SFA tasks, and phonemic and categorical fluency probes were used to collect quantitative
data.

Analysis

Consistent with Harvey-Northrop et al. (2023, 2026), qualitative and quantitative analyses were conducted to examine the
feasibility of SFA performance delivered through a VR platform compared to traditional VR administration across groups with
normal cognitive aging and communication disorders.

Quantitative Analysis

Quantitative data were analyzed using nonparametric Mann-Whitney and Wilcoxon Signed-rank tests, with corresponding
post hoc analyses.

Qualitative Analysis

Qualitative data were analyzed using the Qualitative Thematic Analysis (Kiger & Varpio, 2020). Data gathered from
participant post-protocol surveys was examined. Researchers participated in the thematic analysis process (Kiger & Varpio,
2020), in which coding was conducted independently; each researcher identified preliminary codes and overall themes for the
data. Once this stage was completed, the research team reviewed and defined themes together.
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Results

Quantitative

Task Performance

Table 2 shows group mean and standard deviation across intervention performance for younger adults, older adults, and
adults with communication disorders.

Non-Parametric Analyses. Due to the small sample size, group and task differences were investigated using
nonparametric analyses. No significant difference in performance by age was found using the Mann-Whitney analysis,
suggesting that older and younger adults performed similarly across tasks. There was a significant difference in performance
between adults with normal cognitive aging compared to adults with communication disorders. The results indicate that older
adults performed significantly better (M = 15.64) than adults with CSD (M = 9.85) for the SFA Task 3 — Common Feature
Identification, z = -2.38, p = .017; significantly better (M = 16.91) than adults with CSD (M = 8.77) for the SFA Task 4 —
Semantic Questions, z = -3.00, p=.002; and significantly better (M = 16.77) than adults with CSD (M = 8.88) for the VR SFA
Task 4 — Semantic Questions, z = -2.92, p = .003. These findings suggest that individuals with communication disorders may
perform similarly to individuals with normal cognitive aging using VR-enriched environments during Common Feature
Identification tasks. Further, the use of VR environments involving semantic questions may not aid individuals with
communication disorders in performing similarly to individuals with normal cognitive aging.

To assess if participants demonstrated a change in performance across sessions, a Wilcoxon test was performed. There
was a significant difference in Task 1 — Picture Naming performance between the traditional SFA and VR sessions, z = -2.94,
p =.002 (2 exact). The mean for Task 1 SFA was 94.00, while the mean for Task 1 VR SFA was 99.43, indicating that older
and younger participants demonstrated increased picture naming skills in the Virtual Reality environment compared to SFA
administration. Furthermore, there was a significant difference for Task 2 — Associative Matching performance between
traditional SFA vs. VR session, z = -3.82, p <.001 (2 exact). The mean for Task 2 SFA was 92.00, while the mean for Task 2
VR SFA was 100, indicating that older and younger participants demonstrated increased associative matching skills in the
Virtual Reality environment compared to SFA administration. Finally, there was a significant difference for Task 5 — Semantic
Feature Analysis Task performance between traditional SFA vs. VR session, z = -2.40, p=.020 (2 exact). The mean for Task 5
SFA was 97.77, while the mean for Task 5 VR SFA was 99.74.

Taken together, these results suggest that there were group differences for traditional Common Feature Identification,
traditional Semantic Questions, and VR Semantic Questions. Furthermore, adults with normal cognitive aging and those with
communication disorders performed better during Picture Naming, Associative Matching, and Semantic Feature Analysis
training tasks in the Virtual Reality environment than in the traditional SFA administration.

Table 2
Participant Performance across Traditional SFA and Virtual Reality SFA

Traditional SFA Virtual Reality SFA
Task Young Adults  Older Adults CSD Younger Adults Older Adults CSD
Task 1: Picture Naming 94.55 + 6.88 95.45 +6.88 92.31+10.13 100+0 98.18 £6.03 100+ 0
Task 2: Associative 92.73+11.04 91.8217.51 91.54 +9.87 1000 1000 1000
Matching
Task 3: Common 97.27 £ 6.47 99.09 + 3.02 88.46£1345 9455+9.34 93.64 +8.09 90.77 £ 9.54
Feature Identification
Task 4 Semantic 90.91+£10.23 97.82+3.73 87.08£10.17 9236+7.19 97.73+5.44 84.62+ 13.64

Questions
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Task 5: Semantic 97.27 £ 4.54 99.73 £ .905 96.54 £ 6.92 99.73 £ .91 100+ 0 99.54 £1.13
Feature Analysis Task

Note. Accuracy is given in percentage (mean +* standard deviation).

Pre-Post Probe Assessment

Non-parametric Analysis. Non-parametric analyses were performed to assess probe and age variables while accounting
for sample size (Harvey-Northrop et al., 2023, 2026). The Mann-Whitney analysis results suggested no significant difference
between the younger adults and older adults group’s performance, younger adults and individuals with CSD, as well as older
adults and individuals with CSD across probe measures. A Wilcoxon test was performed to assess if participants exhibited a
change in performance from pre/post categorical and phonemic fluency probes. Findings suggested a significant difference in
categorical fluency during the post-program probe, z = -3.43, p <.001. The pre-program probe mean was 14.51, with the post-
program probe mean of 17.66. Thus, when accounting for sample size, the earlier difference in Phonemic Probe group
performance was resolved, and categorical fluency improved with the completion of the VR SFA.

Quantitative Results Summary

These quantitative results suggest that adults with normal cognitive aging performed comparably across the five SFA
tasks and the SFA protocol delivered in the Virtual Reality environment. Older adults and adults with communication disorders
perform differently across the Common Feature Analysis, Semantic Questions, and Semantic Feature Analysis Task tasks.
This differential performance resolves for the Common Feature Analysis performance when in the VR environment. Significant
performance improvement was observed in picture naming, associative matching, and semantic feature analysis training tasks
completed in the Virtual Environment compared with the traditional therapy environment. Additionally, Categorical Fluency
performance improved with the completion of the VR SFA session. While initial results are promising, research with a larger
sample size is needed.

Qualitative

A Qualitative Thematic Analysis was performed to assess the overall experience, VR environment, and protocol
procedures (Harvey-Northrop et al., 2023, 2026). No group difference for the theme was found. Notably, adults with
communication disorders reported the same experience as individuals with normal cognitive aging across adulthood.

Overall Experience

Consistent with previous findings (Harvey-Northrop et al. 2023, 2026), the major themes of the overall experience in the
VR kitchen environment were that it was “fun,” “interesting,” and a “unique environment.” See Table 3 for examples of
participant feedback. Modest themes were observed for potential uses of the environment, including education, training,
health, and wellness. During the technological session, no participants indicated or exhibited cybersickness. In the VR SFA
protocol, one participant reported that the environment was “very weird” and “uncomfortable,” referencing their eyes hurt. Per
the protocol, the participant was offered the option to quit the VR environment, take a break, or sit down. None of the other
participants indicated or demonstrated cybersickness during or after the VR SFA protocol. Modest themes of the environment
being taxing or disorienting were observed when objects did not interact (e.g., stack) or fall (e.g., due to gravity and weight), as
would typically be the case in real life. Participant feedback was used to modify item behaviors and enhance the functionality
of the immersive environment.

Table 3
Qualitative Examples of Participant Feedback by Theme

Overall Experience Immersive Environment Protocol Process
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“Amazing! Great to see this.”

“It was good and something new.”

“I like that there is a lot of stuff in the
kitchen.”

“I like hearing questions in the VR
environment. It is more comfortable

“The detail in the VR was
outstanding.”

“You explained it well"

“I like that you can manipulate things "What | saw, it related to what you
that are not actually there.” said.”

“It's fake, but real life at the same
time.”

“I liked the sounds, it was very
realistic!”

because it feels like | have more control
and engaged while answering.”

"It would be cool to have someone
could actually cook and practice
ADLs.”

Immersive Environment

As found in Harvey-Northrop, Cuellar, & Chang (2023, 2026), the major themes of environment immersion in the VR
kitchen were that participants enjoyed the environment's detail and object interactions, specifically object sounds. See Table 3
for examples of participant feedback. Furthermore, feedback indicated that a broader range of interaction opportunities,
greater diversity of objects, and expanded space would be appreciated. In alignment with previous findings (Harvey-Northrop
et al. 2023, 2026), there was a difference in reactions between participants with minimal to no VR experience and those
familiar with or who have worked with VR platforms. Most participants reported minimal exposure to VR technology and noted
the environment's realism. Participants with more experience indicated that it was not as realistic and that greater detail was
needed. Participant feedback was used when planning future development of the VR kitchen and related environments.

Protocol Process

All participants reported that the protocol was well-defined and easy to follow, consistent with Harvey-Northrop et al.
(2023, 2026). Furthermore, participants consistently indicated that the technical session was necessary to address technology
barriers. See Table 3 for examples of participant feedback. Participants offered suggestions for other uses of the environment
or procedures, such as VR training in different environments and jobs, uses across age groups, student training, and health
and wellness, in alignment with previous works (Harvey-Northrop et al. 2023, 2026).

Qualitative Results Summary

Qualitative results indicate that adults with normal cognitive aging and communication disorders report that the VRSFA
protocol is a fun, interesting, and unique experience. Feedback indicates that technology training is crucial for successfully
using the technology and that VR object characteristics contribute to immersive environment. Notably, participation in the
VRSFA protocol prompted many participants to offer suggestions to enhance the current protocol and imagine uses for virtual
reality technology and environments in general.

Summary Results

Quantitative and qualitative findings indicate that virtual reality technology is a feasible, interactive platform for delivering
SFA interventions to individuals with NCA and CSD. Furthermore, adults with normal cognitive aging and communication
disorders demonstrated comparable skills in SFA and VRSFA protocols. There was a significant increase in unprompted
communication and interaction in the VR kitchen environment across groups.
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Discussion

This study examines the feasibility and impact of using SFA in a fully immersive VR environment for adults with normal
cognitive aging and individuals with communication disorders. The study was also designed to investigate the preliminary
clinical outcomes of VR SFA compared to traditional SFA and contribute to baseline performance data in VR clinical literature
so as to inform future guidelines for implementation. Additionally, this study was designed to contribute to the literature
regarding the adaptability and flexibility of delivering traditional evidence-based interventions for acquired cognitive
communication impairments in fully immersive VR environments, such as the kitchen utilized in the current study.

Overall, the current study findings indicate that adults with normal cognitive aging and adults with communication
disorders demonstrate comparable performance in both the traditional SFA and VR SFA tasks. More specifically, participants
significantly improved in picture naming, associative matching, and semantic feature analysis training tasks in the Virtual
Environment compared to the traditional therapy environment. Qualitative results support quantitative findings where all groups
found the environment interesting, immersive, and unique, likely contributing to the increased communication in the VR
environment. Moreover, these data may support the use of familiar VR environments for language stimulation and word recall.
Furthermore, categorical fluency performance across groups improved after VRSFA completion, suggesting that SFA
administered in VR increases lexical retrieval for individuals with NCA and CSD. These findings are consistent with and
expand upon findings reported in Harvey-Northrop, Cuellar, and Chang (2023, 2024), indicating that SFA intervention
delivered in a virtual reality kitchen environment is comparable and potentially more engaging as compared to SFA
administered in a typical rehabilitation environment.

The current protocol and immersive virtual environment incorporated guidelines for SFA, VR for aging-friendly practices,
as well as standards for VR implementation in healthcare and rehabilitation (Abelle et al., 2021; Healy, 2022; Khokale et al.,
2023; Rizzo et al., 2020; Sevcenko & Lindgren, 2022; Taler, 2020; Tuena et al., 2020; WHO, 2021). To our knowledge, this is
the first study to integrate these guidelines and recommendations into a virtual reality intervention protocol, implemented
across adult NCA and CSD groups, with an evidence-based intervention. The VR CRT protocol included participant education
for the communication and VR protocol and use, a protocol to reduce cybersickness and account for individual physical
abilities, and software design that prioritizes patient privacy and cybersecurity-focused through the use of HIPPA and IRB-
compliant Unity sandbox development (Koujzer et al., 2023; Sokolowska, 2023). Given that participants reported that the
technological orientation and training sessions were critical to the protocol and the success of technology use, it seems
reasonable to suggest that all future VR protocols should include a standardized technological training session to orient
participants to the environment prior to clinical engagement. Additionally, virtual object characteristics (e.g., sound and visual
elements) were essential to the believability of the VR immersion, which contributed to engagement and user experience
satisfaction. Interestingly, participation in the VRSFA protocol prompted many participants to offer unsolicited suggestions to
enhance the current protocol but also imagine uses for virtual reality technology and environments in general. These data
contribute to the growing literature on VR design guidelines and suggest that incorporating end use experiences into future
iterations and updates to environments is critical to increasing environment ecological validity.

In terms of the preliminary clinical outcomes obtained from the limited sessions delivered in the current study, the data
suggests that participation has the potential to improve linguistic and semantic memory skills across adulthood with persons
with communication disorders showing similar if not increased responsiveness. Additionally, these results demonstrate the
viability of expanding SFA training to individuals with communication disorders, including individuals with acquired cognitive
and language impairments (Efstratiadou et al., 2018; Marshall et al., 2018). Clinical populations that may respond well to VR
interventions include mild cognitive impairment (Taler et al., 2020), and traumatic brain injury (Massaro & Tompkins, 1994) and
individuals with executive function and attention deficits (Bonnanno et al., 2022; Calderone et al., 2023; Park, 2022; Zhu et al.,
2022). With regard to the SFA training protocol, this study further supports the methodology of Taler et al. (2020), whereby
SFA tasks were scaffolded from individual task implementation to examine semantic memory skills. This study therefore not
only corroborates the feasibility of SFA in an immersive VR environment for individuals with communication disorders, but also
contributes to the ever-expanding literature that supports flexible and adaptive use of traditional clinical training protocols in VR
(Faria et al., 2023; Rizzo et al., 2020; Tortora et al., 2024; Yu et al., 2024)

Limitations

While this study found similarities and differences in protocol performance for individuals with communication disorders,
as previously identified (Harvey-Northrop et al., 2023, 2026), limitations are apparent that should be addressed and
investigated further in future studies. First, study results and potential applications were constrained by the sample size and
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the number of sessions. Additionally, a heterogeneous group of individuals with CSD were included, which is representative of
future end users in a rehabilitative environment but nonetheless constrains interpretation relative to specific disorders or
clinical populations.

In the future, large-scale, methodologically rigorous investigations in VR for SLP interventions are needed (Dermody et
al., 2020; Yu et al., 2024). Furthermore, virtual reality environments may increase executive function demands, resulting in
increased cognitive load during task completion (Lawson & Mayer, 2024; Rizzo et al., 2020). These potential increases in
cognitive load warrant further research and should therefore be considered in the planning and development of interventions
delivered in virtual reality environments. Furthermore, spatial memory tests should be included in VR protocols to account for
the dependence on spatial memory in the VR environment (Tuena, 2019). Finally, the addition of a cybersickness
questionnaire, such as the VR Neuroscience questionnaire, the Simulator Sickness Questionnaire, the Virtual Reality Sickness
Questionnaire, or the Cybersickness in VR Questionnaire, should be included in future studies (Faria et al., 2023; Sokolowska,
2023).

Next Steps

Given current study findings and trends, future studies should expand protocol length, investigate a variety of evidence-
based interventions, and expand population guidelines. Consistent with the current literature, future studies should examine
the generalizability of skills and strategies, ethical considerations, and the effects of ecological validity. Investigation of the
generalizability of skills and strategies practiced in the virtual environment to real-world activities of daily living is needed to not
only determine clinical utility but also to evaluate the potential for bridging an ever-expanding gap in services available to an
increasingly aging and clinical population that would benefit from rehabilitative services (Bryant et al., 2020; Son & Park, 2022;
Tortora et al., 2024). Lastly, detailed guidelines are necessary to mitigate ethical concerns and potential privacy issues related
to using virtual reality technology with clinical populations with communication disorders (Bryant, 2020).

Conclusion

This study investigated the feasibility and impact of using immersive VR and SFA with adults with normal cognitive aging
and individuals with communication disorders. Study results indicate that virtual reality technology is, in fact, a promising
interactive platform for delivering SFA training interventions to individuals with normal cognitive aging and those with
communication disorders. This study contributes to the growing examination of VR environments for SLP practice and
provides a model of an adaptable, fully immersive VR environment for SLP practice, supporting the use of VR environments as
a possible new service delivery platform (Harvey-Northrop et al. 2023, 2026). While preliminary findings are promising, large-
scale studies are needed to standardize VR protocols across evidence-based intervention programs and to determine
affordable, accessible supports for individuals with communication disorders.
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