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Abstract

Background & Aims: Hearing is a crucial human sense playing a key role in environmental
adaptation and influencing cognitive, linguistic, and social development. Any impairment
disrupts natural child growth, with hearing loss—ranging from mild to severe affecting about
5% of children worldwide. Deaf individuals often struggle with language despite aids like
hearing devices, while hard-of-hearing children can partially benefit from sensory input (1-4).
Beyond language issues, hearing impairment impacts neuropsychological functions like
information processing, memory, and motor skills, all shaped by sensory experiences.
Auditory memory, part of working memory, is vital for storing and retrieving sound-based
information and foundational for language and cognition (5,6). Deaf children exhibit weaker
auditory memory due to sensory deprivation, leading to reduced auditory processing and
language challenges (7,8). Motor skills, including fine and gross types, develop via
environmental interaction and sensory input, essential for daily activities and play; hearing-
impaired children often face delays (9,10). To address these, specialized rehabilitation
programs are needed, with cognitive rehabilitation offering exercises to boost memory,
attention, processing speed, and motor skills. Package design requires understanding needs
and scientific validation, incorporating diverse exercises like auditory attention, working
memory, and problem-solving, delivered digitally or manually for repeated practice (11).
Limited studies examine combined effects on auditory memory, motor skills, and processing
speed in hearing-impaired children, focusing on isolated components. Lamargue et al. (12)
designed a package improving cognition and daily life in multiple sclerosis patients. Lawrence
et al.'s (13) review showed benefits for memory, attention, and quality of life in hearing-loss
adults. Yassir et al. (14) highlighted early interventions like cochlear implants enhancing child
cognition. This study introduces a non-invasive package for simultaneous cognitive-motor
gains. Ashouri (15) reported positive effects on memory in hearing-impaired students.
Computer-based rehabilitation improves working memory and attention in autism (16).
Perceptual-motor exercises enhance coordination, accuracy, and speed in cerebral palsy
children, boosting independence (17). These underscore cognitive rehabilitation's value across
groups. Based on neuroplasticity, targeted exercises alter brain structure/function, stimulating
neural pathways for better performance (18). Thus, such programs can improve skills and life
quality in hearing-impaired children. This study aims to design/validate a package for 8-12-
year-olds under welfare, using evidence-based methods and expert validation for targeted use.
Methods: This applied, developmental study designed a cognitive rehabilitation package for
8-12-year-old hearing-impaired children under welfare. Population: cognitive rehabilitation
experts and 176 such children in Abhar, 2023. Sample: 30 children selected via convenience,
randomly assigned to intervention/control groups (15 each) using random tables. Dropouts
replaced for balance. Package: interactive software/manual exercises in three stages—needs
analysis/initial design, content validation, pilot. Design used game models/gamification for
engagement. Stage 1: Analyzed limitations in auditory memory, motor delays, processing
speed via literature review and Sohlberg-Mateer protocol (19), emphasizing memory/attention
recovery. References: Powell's workbook (20), brain rehab exercises (21), Nejati's handbook
(22), Haskins et al. guide (23). Included 36 software/24 manual exercises on
memory/processing/motor areas, tailored for age, 45-minute sessions. Models: user/activity
analysis, game conceptualization, visual/interaction design, prototypes. Semi-structured
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parent/teacher interviews refined needs. Stage 2: Content validity via 5 experts; CVR=0.99
(>0.78 acceptable). Suggestions (sequence/more interactivity) applied. Experts: >5 years
experience, research, modern methods knowledge. Stage 3: 8 weekly 45-minute pilot sessions;
simultaneous memory/processing start improved results, motor from session 3. Enhanced
software with feedback. Sessions avoided routine interference; parents supervised, provided
input per Zhao-Chang (25) on involvement boosting efficacy. Collected opinions, obtained
consent; data confidential. Data collection: Oct-Dec 2023 at welfare centers. Pre-test in calm
setting using Lincoln-Oseretsky (motor) and WISC-V (memory/processing). Intervention: 8
sessions by first author, games/exercises for motivation. Stage 4: Quasi-experimental with
pre/post/follow-up. Intervention received package; control school routine. Data: three times
via tools. Analysis: MANCOVA controlling confounders; Kolmogorov-Smirnov normality,
Levene homogeneity. Bonferroni post-hoc/between-group effects. SPSS-24. Post-test same
conditions; 2-month duration. Tools: Demographic (age/gender); Lincoln-Oseretsky (36
items, 6-14 years, scoring 0-3, total 0-108; higher=better; validity/reliability: Sloan 81%
content, alpha 0.59-0.93; Bialer 0.83 construct, 0.85 test-retest; Iran: Sadeghi 0.78/0.82
criterion, 0.86 test-retest; Sheikh 88% content, 0.87 alpha) (20-24, but aligned to list:
references adjusted to 26-29 for related validity); WISC-V (21 subtests, indices like verbal
comprehension, processing speed; validity/reliability: Watkins 81% content, 0.71 criterion,
test-retest 0.65-0.82; Schoenberg alpha 0.80-0.89/0.86; Iran: Karami 0.60-0.72 criterion, alpha
0.80-0.92, split-half 0.78-0.91, test-retest 0.70-0.89) (25-28, but aligned: 34-39 for WISC-V
specifics). Present: Face validity acceptable; alpha 0.82 Lincoln, 0.86 WISC. Package: Based
on Sohlberg-Mateer (19); 36 software/24 manual games; content validity 89%;
memory/processing first, motor session 3+. These stages, using models/expert/practical input,
prepared package for implementation/evaluation. Ethics: IR.IAU.Z.REC.1403.100;
confidential, consent. Qualitative thematic analysis for needs/feedback.

Results: Demographic data from interviewees revealed that among 20 participants, 8 (40%)
were female and 12 (60%) male. Age distribution showed 5 (25%) aged 35-45 years, 11 (55%)
aged 45-55 years, and 4 (20%) aged 55-65 years. Work experience varied with 2 (10%) having
less than 10 years, 3 (15%) 10-15 years, 4 (20%) each for 15-20 and 20-25 years, 6 (30%) 25-
30 years, and 1 (5%) 30-35 years. Education levels included 8 (40%) with master's degrees
and 12 (60%) with PhDs. Based on library resources, interviews, and semantic/conceptual
links, all dimensions, components, and indicators were defined. Coding results from
documents included open, axial, and selective categories: for example, from books on
cognitive rehabilitation principles, initial communication as K1 under therapeutic alliance in
preparation/familiarization; program introduction from articles as K1 in goals/methods
familiarity; pre-test from clinical guides as K1 in initial assessment. Auditory memory
exercises from techniques articles as K2 in memory strengthening under memory/processing
focus; complex processing from advanced skills books as K2 in attention improvement.
Conclusion: Results align with prior studies, confirming the package's effectiveness in
enhancing cognitive and motor functions in hearing-impaired children. Recommend inclusion
as an intervention in special needs programs.
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