Supplementary Appendix 4
Cognitive-Based Rehabilitation Exercise Components

I. Attentional Preparation
Breathing and Whole-Body Relaxation
Cognitive domains targeted by the exercise
Primary domains: attention and sustained concentration
Secondary domains: executive control and self-regulation
Functional rationale
This component was designed to reduce external distraction, facilitate attentional readiness, and optimize engagement with subsequent cognitive rehabilitation activities.
Task structure and administration
Participants performed a guided breathing and whole-body relaxation exercise while seated comfortably. Slow diaphragmatic breathing was synchronized with bilateral upper-limb movements under therapist supervision. Participants were instructed to maintain attention on breathing rhythm and body movements while minimizing external distraction. The exercise was performed for approximately 3–5 minutes at the beginning of each session.
Difficulty progression
No formal hierarchical difficulty progression was applied. Therapist guidance and pacing were individually adjusted according to participant comfort, attention level, and respiratory tolerance.

B. Event- and Prospective-Memory Activities
Sticky-Note Strategy Training
Cognitive domains targeted by the exercise
Primary domains: prospective memory and episodic memory
Secondary domains: executive function and task organization
Functional rationale
This activity was designed to reinforce compensatory memory strategies for daily task management and improve adherence to planned activities in real-world settings.
Task structure and administration
Participants were trained to use written reminder notes for scheduled daily activities and future tasks. Therapists instructed participants to record brief and concrete reminders using large handwritten text and to place the notes in visually prominent locations frequently encountered during daily routines. Examples included medication schedules, household tasks, and appointment reminders.
Difficulty progression
Difficulty was progressively increased by introducing more complex or multi-step daily tasks, increasing temporal delay between reminder placement and task execution, and reducing therapist cueing over time.

Home-Based Task Assignment
Cognitive domains targeted by the exercise
Primary domains: prospective memory and executive function
Secondary domains: episodic memory and attentional control
Functional rationale
This component was intended to facilitate transfer of cognitive rehabilitation strategies into everyday life through structured task execution in home environments.
Task structure and administration
Participants were assigned home-based activities to be completed on alternating days between rehabilitation sessions. Tasks were designed to resemble everyday ADL/IADL-related activities and typically included 2–3 scheduled activities per assigned day. Participants were encouraged to use reminder strategies and caregiver support when necessary. Adherence was monitored through participant reports and follow-up review during subsequent sessions.
Difficulty progression
Task complexity was progressively increased by introducing greater planning demands, multiple scheduled activities, longer temporal intervals, and reduced external prompting.

Recall of Prior-Session Activities
Cognitive domains targeted by the exercise
Primary domains: episodic memory and prospective memory
Secondary domains: executive function and verbal retrieval
Functional rationale
This activity was designed to reinforce retrieval of previously learned rehabilitation content and strengthen continuity between sessions.
Task structure and administration
At the beginning of selected sessions, participants were asked to recall activities, home-based tasks, or experiences from previous rehabilitation sessions. Therapists used structured prompting questions to facilitate retrieval and discussion of task completion, perceived difficulties, and applied strategies in daily life.
Difficulty progression
Difficulty was progressively increased by requiring recall of more detailed information, delayed retrieval across longer intervals, and reduced therapist prompting during discussion.

C. Multidomain Cognitive Exercises
Serial Addition Tasks
Cognitive domains targeted by the exercise
Primary domains: attention and executive function
Secondary domains: working memory, language, and abstraction
Functional rationale
This exercise was designed to reinforce sustained attention, sequential information processing, and cognitive flexibility during mentally demanding tasks relevant to everyday problem-solving situations.
Task structure and administration
Participants performed sequential addition tasks using predefined numerical increments under therapist supervision. Depending on difficulty level, participants were additionally required to generate semantically related words (e.g., foods or geographic locations) after each calculation response. Advanced levels incorporated group-based rotating responses while avoiding repetition of previously generated words.
Difficulty progression
Difficulty was progressively increased by manipulating calculation complexity, dual-task demands, semantic constraints, response speed, and working-memory load.

Digit-Position Memory Tasks
Cognitive domains targeted by the exercise
Primary domains: working memory and visuospatial processing
Secondary domains: attention and concentration
Functional rationale
This exercise was intended to strengthen short-term retention and visuospatial organization of numerical information relevant to daily cognitive functioning.
Task structure and administration
Participants observed a visual template containing numbers positioned within predefined spatial locations for a fixed viewing period. After the template was removed, participants were instructed to reproduce the numbers in their original spatial positions. Tasks were performed under therapist supervision using standardized visual materials.
Difficulty progression
Difficulty was progressively increased by increasing the number of digits, spatial complexity, and working-memory load.

Word/String Comparison Tasks
Cognitive domains targeted by the exercise
Primary domains: working memory, executive function, and sustained attention
Secondary domains: visuospatial processing
Functional rationale
This exercise was designed to improve rapid visual discrimination, sequential comparison processing, and cognitive flexibility during language-based information analysis.
Task structure and administration
Participants were presented with pairs of words or letter strings and were instructed to identify identical or reversed sequences within a predefined time limit. Tasks included both semantically meaningful words and non-semantic character strings presented in standardized printed formats under therapist supervision.
Difficulty progression
Difficulty was progressively increased through greater string complexity, use of non-semantic stimuli, reversed-sequence identification, and increased visual comparison demands.

Sentence Completion Tasks
Cognitive domains targeted by the exercise
Primary domains: language and executive function
Secondary domains: working memory, abstraction, and attention
Functional rationale
This exercise was designed to reinforce semantic processing, sentence-level reasoning, and cognitive flexibility during structured language production.
Task structure and administration
Participants were presented with incomplete sentences and were instructed to identify missing letters, insert appropriate word boundaries, or generate semantically appropriate responses based on contextual cues. Tasks were administered using standardized printed materials under therapist supervision within predefined response intervals.
Difficulty progression
Difficulty was progressively increased through greater semantic ambiguity, more complex sentence structures, reduced contextual cueing, and higher language-processing demands.

Missing-Letter Word Generation
Cognitive domains targeted by the exercise
Primary domains: language and executive function
Secondary domains: working memory, attention, and abstraction
Functional rationale
This exercise was intended to strengthen lexical retrieval, semantic association, and flexible verbal reasoning during structured word-generation tasks.
Task structure and administration
Participants were presented with incomplete words or contextual passages containing missing letters and were instructed to generate semantically meaningful target words. Depending on task level, exercises involved isolated words, linked word sequences, or context-dependent sentence completion tasks administered under therapist supervision.
Difficulty progression
Difficulty was progressively increased through greater lexical complexity, shared-letter constraints across multiple words, reduced semantic cueing, and integration within broader contextual narratives.

Category Naming
Cognitive domains targeted by the exercise
Primary domains: language and executive function
Secondary domains: attention, working memory, and abstraction
Functional rationale
This exercise was designed to improve verbal fluency, semantic retrieval speed, and cognitive flexibility during rapid category-based word generation.
Task structure and administration
Participants were instructed to generate as many words as possible belonging to predefined semantic categories within a fixed time period. Advanced task levels incorporated additional constraints, including specified initial letters, multiple simultaneous semantic categories, or integration of generated words into meaningful sentences.
Difficulty progression
Difficulty was progressively increased by imposing additional semantic or phonemic constraints, increasing category complexity, reducing response time, and introducing multi-rule generation demands.

Letter-Linked Word Chaining
Cognitive domains targeted by the exercise
Primary domains: language, executive function, and sustained attention
Secondary domains: working memory and abstraction
Functional rationale
This exercise was designed to reinforce verbal fluency, cognitive flexibility, and sequential language organization during continuous semantic retrieval tasks.
Task structure and administration
Participants sequentially generated words in which the initial letter of each new word corresponded to the final letter of the preceding word. Tasks were performed individually or in small groups using predefined semantic categories under therapist supervision, with responses required within fixed time intervals.
Difficulty progression
Difficulty was progressively increased through stricter semantic constraints, longer response chains, reduced response time, prohibition of repeated words, and incorporation of contextual sentence-generation requirements.

Letter–Abstraction Association
Cognitive domains targeted by the exercise
Primary domains: executive function, language, and working memory
Secondary domains: abstraction and attention
Functional rationale
This exercise was intended to strengthen abstract reasoning, semantic association, and flexible cognitive integration across verbal and conceptual tasks.
Task structure and administration
Participants were instructed to generate words or phrases corresponding to predefined letters and thematic constraints, followed by explanation or interpretation of the generated responses. Certain task levels additionally required semantic description or contextual reasoning related to the selected words or phrases.
Difficulty progression
Difficulty was progressively increased through greater abstraction demands, more complex semantic constraints, reduced cueing, and additional reasoning or explanatory requirements.

Letter–Number Integration
Cognitive domains targeted by the exercise
Primary domains: executive function, attention, and working memory
Secondary domains: visuospatial processing and abstraction
Functional rationale
This exercise was designed to improve simultaneous rule processing, cognitive flexibility, and integration of verbal and numerical information during structured problem-solving tasks.
Task structure and administration
Participants were provided with a target letter and numerical constraint and were instructed to generate meaningful words or phrases meeting both phonemic and letter-count requirements. Tasks were administered under therapist supervision using standardized verbal instructions.
Difficulty progression
Difficulty was progressively increased through greater numerical complexity, stricter semantic constraints, multi-rule integration, and higher working-memory demands.

Non-Sequential Visual Memory
Cognitive domains targeted by the exercise
Primary domains: visual memory, visuospatial processing, and sustained attention
Secondary domains: executive function
Functional rationale
This exercise was designed to reinforce rapid visual recognition, object discrimination, and attentional processing relevant to everyday environmental navigation and object identification.
Task structure and administration
Participants were presented with visual arrays containing multiple objects or images and were instructed to identify or count predefined target items within a fixed time period. Tasks were administered using standardized visual materials under therapist supervision.
Difficulty progression
Difficulty was progressively increased through greater visual complexity, an increased number of distractors, higher object density, and reduced perceptual similarity between target items.

Sequential/Spatial Visual Memory
Cognitive domains targeted by the exercise
Primary domains: visual memory, visuospatial processing, and executive function
Secondary domains: attention and abstraction
Functional rationale
This exercise was intended to strengthen sequential memory organization and spatial recall abilities relevant to daily object-location and task-sequencing activities.
Task structure and administration
Participants observed objects or visual stimuli arranged in predefined sequences or spatial locations and were subsequently instructed to reproduce the original order or identify matching image pairs from memory. Tasks were administered using standardized physical materials under therapist supervision.
Difficulty progression
Difficulty was progressively increased through larger stimulus sets, greater spatial complexity, longer memorization sequences, and increased memory load.

Puzzle Assembly
Cognitive domains targeted by the exercise
Primary domains: visuospatial processing, executive function, and working memory
Secondary domains: sustained attention and abstraction
Functional rationale
This exercise was designed to improve visuospatial organization, planning ability, and structured problem-solving during complex visual reconstruction tasks.
Task structure and administration
Participants were provided with a reference image and corresponding puzzle pieces and were instructed to reconstruct the target image within a predefined time limit. Tasks were performed under therapist supervision using standardized puzzle materials.
Difficulty progression
Difficulty was progressively increased through greater puzzle complexity, an increased number of pieces, more detailed visual patterns, and higher organizational demands.

Figure-Copying
Cognitive domains targeted by the exercise
Primary domains: visuospatial processing, executive function, and sustained attention
Secondary domains: working memory and abstraction
Functional rationale
This exercise was intended to reinforce visuoconstructive abilities, spatial organization, and attentional control during structured graphic reproduction tasks.
Task structure and administration
Participants were instructed to reproduce predefined geometric or line-based figures by connecting reference points or copying target shapes using standardized printed templates. Tasks were administered under therapist supervision within predefined completion periods.
Difficulty progression
Difficulty was progressively increased through greater figure complexity, incorporation of curved and multidirectional elements, increased spatial precision demands, and introduction of symmetry-based reproduction tasks.

D. ADL/IADL-Oriented Functional Cognition Tasks
ADL/IADL Task-Sequencing Memory
Cognitive domains targeted by the exercise
Primary domains: episodic memory and executive function
Secondary domains: visuospatial processing and sustained attention
Functional rationale
This exercise was designed to reinforce sequencing, planning, and recall of functionally relevant daily activities in order to support maintenance of independent living skills.
Task structure and administration
Participants were presented with sets of images representing sequential steps of ADL/IADL-related activities, such as meal preparation, dressing, or household tasks. Participants were instructed to arrange the images into the correct logical sequence under therapist supervision. Structured discussion and corrective feedback were provided when sequencing errors occurred.
Difficulty progression
Difficulty was progressively increased through more complex multistep activities, a greater number of sequence components, reduced contextual cueing, and incorporation of less familiar functional scenarios.

E. Structured Relaxation
Breathing and Whole-Body Relaxation
Cognitive domains targeted by the exercise
Primary domains: attentional regulation and cognitive recovery
Secondary domains: emotional regulation and sustained mental engagement
Functional rationale
This component was intended to facilitate mental relaxation, reduce cognitive fatigue following high-demand cognitive activities, and support transition out of the rehabilitation session in a structured manner.
Task structure and administration
Participants completed a supervised breathing and whole-body relaxation exercise identical to the attentional preparation component. Controlled diaphragmatic breathing was combined with slow upper-limb movements and guided relaxation instructions. Participants were encouraged to maintain calm breathing and release muscular tension progressively. The exercise was conducted for approximately 3–5 minutes at the end of each rehabilitation session.
Difficulty progression
No formal difficulty progression was implemented. Relaxation pacing and therapist cueing were adjusted according to participant comfort and observed fatigue level.
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