



Role of Exergaming in Enhancing Memory and Attention in the Elderly

ABSTRACT
Background: Age-related cognitive decline affects memory, attention, and executive function, leading to reduced independence and quality of life among older adults. Exergaming, which integrates physical activity with interactive digital games, has emerged as a promising approach to enhance cognitive performance through combined motor and cognitive stimulation.
Objective: To evaluate the effect of a structured 6-week exergaming program on attention, working memory, and global cognition in community-dwelling older adults.
Methods: A pre–post experimental study was conducted among 30 adults aged 65 years and above in a Physiotherapy rehabilitation center. Participants completed 18 exergaming sessions over six weeks using a motion-capture gaming system (Xbox 360 Kinect). Cognitive outcomes were assessed before and after the intervention using the Trail Making Test (TMT-A and TMT-B) for attention and executive function, the Digit Span Test (forward and backward) for working memory, and the Montreal Cognitive Assessment (MoCA) for global cognition. Data were analyzed using paired t-tests with significance set at p ≤ 0.05.
Results: Significant improvements were observed across all outcome measures. TMT-A completion time decreased from 54.6 ± 9.3 to 42.8 ± 7.5 seconds (p < 0.001), and TMT-B decreased from 129.4 ± 28.6 to 103.7 ± 23.5 seconds (p < 0.001), indicating enhanced attention and task switching. Working memory improved, with Digit Span Forward increasing from 4.6 ± 1.1 to 5.8 ± 1.0 and Digit Span Backward from 3.2 ± 0.9 to 4.1 ± 1.0 (both p < 0.001). Global cognitive performance also increased significantly, with MoCA scores rising from 21.8 ± 2.6 to 25.1 ± 2.9 (p < 0.001).
Conclusion: A 6-week exergaming intervention significantly improved attention, working memory, and overall cognitive function in older adults. Exergaming represents an effective, engaging, and low-cost digital therapeutic option for promoting cognitive health in the elderly.
Keywords: Exergaming, cognition, memory, attention, older adults, digital therapeutics.

1. INTRODUCTION
Cognitive decline is one of the most prevalent challenges among the geriatric population, characterized by deterioration in memory, attention, and executive function.[1,2] These changes increase the risk of dependence, falls, and reduced quality of life.³ Globally, mild cognitive impairment affects nearly 20% of older adults.[3,4]
Traditional cognitive training programs often suffer from low engagement due to monotony, limited sensory stimulation, and poor adherence.[5] Exergaming—defined as exercise combined with video gaming through interactive systems—offers a promising alternative.[6] These systems engage cognitive domains such as attention, visuospatial processing, processing speed, and working memory while simultaneously promoting physical activity.[7,8]
Studies suggest that exergaming stimulates neuroplasticity by activating motor–cognitive pathways, enhancing blood flow, and increasing sensory integration.[9,10]Unlike conventional exercises, exergames incorporate real-time feedback, visual cues, multitasking, and motor planning, making them particularly effective for older adults.[11] However, limited evidence exists from structured intervention studies in Indian or community-dwelling elderly populations.[12]
The present study sought to evaluate the impact of a structured 6-week exergaming program on memory and attention in older adults.[13]

2. MATERIALS AND METHODS
2.1 Study Design and Setting
A pre–post experimental study was conducted among 30 adults aged 65 years and above  conducted at the Department of Physiotherapy, Sharda Hospital, India . The design aimed to determine changes in memory and attention after a structured exergaming intervention among older adults aged 65 years and above. [14]
2.2 Participants
• Inclusion criteria:
– Age ≥65 years
– Able to ambulate independently
– MoCA score ≥18 (to exclude moderate cognitive impairment)
– Willingness to participate for 6 weeks [15]
• Exclusion criteria:
– Severe visual/hearing impairment
– Uncontrolled neurological or psychiatric disorders
– Recent fractures or cardiovascular instability. [16]
2.3 Exergaming Intervention
Participants engaged in exergaming using a motion-capture–based interactive gaming platform using Xbox 360 Kinect.[17]
Session structure (30–35 minutes):
1. Warm-up: 5 minutes (marching, arm mobility)
2. Exergaming: 20–25 minutes of games targeting
– visuospatial attention
– memory recall
– task switching
– motor coordination
3. Cool-down: 5 minutes
Game types included:
• Target hitting and reaction tasks
• Step-based sequencing games
• Memory-matching and dual-task games
• Balance and agility games requiring visuomotor attention.[18]

Sessions were conducted 3 times per week for 6 weeks (total 18 sessions).

2.4 Outcome Measures
Assessment was performed before and after the intervention using standardized tools.
Attention:
• Trail Making Test A (TMT-A): processing speed & attention
• Trail Making Test B (TMT-B): task switching & divided attention.[19]

Working Memory:
• Digit Span Test (Forward & Backward)
Global Cognition:
• Montreal Cognitive Assessment (MoCA) [20]
2.5 Statistical Analysis
Data were analyzed using SPSS. Mean ± SD was calculated. Paired t-tests determined pre–post differences with significance set at p ≤0.05.

3. RESULT
3.1 Participant Characteristics
A total of 30 older adults completed the study (mean age: 67.5 ± 5.4 years). No adverse events were reported, and adherence to sessions was >90%.
Table 1 presents changes in attention performance as measured by the Trail Making Test–Part A (TMT-A) and Part B (TMT-B) following the intervention. A statistically significant improvement was observed in both measures.
Table 1. Attention Scores (TMT-A and TMT-B)
(Lower time = better performance)
	Variable
	Pre-test Mean ± SD
	Post-test Mean ± SD
	p-value

	TMT-A (seconds)
	54.6 ± 9.3
	42.8 ± 7.5
	<0.001

	TMT-B (seconds)
	129.4 ± 28.6
	103.7 ± 23.5
	<0.001
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Fig 1- Bar graph showing Trail Making Test–Part A (TMT-A) and Part B (TMT-B)
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Fig 2- Bar graph showing TMT-B (seconds) pre vs post mean scores


For TMT-A, mean completion time decreased from 54.6 ± 9.3 seconds at pre-test to 42.8 ± 7.5 seconds at post-test, indicating faster visual scanning and psychomotor speed. This reduction was highly significant (p < 0.001).
Similarly, TMT-B completion time improved from 129.4 ± 28.6 seconds to 103.7 ± 23.5 seconds, reflecting enhanced executive function and cognitive flexibility. This change was also statistically significant (p < 0.001).
Overall, the results demonstrate that the intervention led to substantial improvements in attentional processing and executive functioning, as evidenced by significantly reduced completion times on both components of the Trail Making Test.
3.3 Enhancements in Memory
Table 2 summarizes changes in working memory performance as measured by the Digit Span Test. Significant improvements were observed in both the forward and backward components following the intervention.

Table 2. Working Memory (Digit Span Test)
	
	
	
	

		Variable
	Pre-test Mean ± SD
	Post-test Mean ± SD
	p-value

	Digit Span Forward
	4.6 ± 1.1
	5.8 ± 1.0
	<0.001

	Digit Span Backward
	3.2 ± 0.9
	4.1 ± 1.0
	<0.001



	
	
	

	Fig 3-Bar graph showing digit span forward for pre vs post mean scores
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Fig 4- Bar graph showing digit span backward for pre vs post mean scores

	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




For Digit Span Forward, the mean score increased from 4.6 ± 1.1 at pre-test to 5.8 ± 1.0 at post-test, indicating enhanced short-term memory and attention capacity. This improvement was statistically significant (p < 0.001).
Similarly, Digit Span Backward, which reflects working memory manipulation and executive control, showed a significant increase from 3.2 ± 0.9 to 4.1 ± 1.0 (p < 0.001).
These findings demonstrate that the intervention produced robust gains in both simple and complex working memory functions.
Digit Span Forward and Backward scores significantly improved, reflecting gains in immediate memory, working memory, and cognitive flexibility.
Memory-based exergames demand real-time recall, sequencing, and updating of information — all of which stimulate the prefrontal cortex.
3.4 Enhancement in Overall Cognitive Function
Table 3 presents changes in global cognitive functioning as measured by the Montreal Cognitive Assessment (MoCA). A statistically significant improvement was observed following the intervention.
	Table 3. Global Cognition (MoCA)

	
	
	


	Variable
	Pre-test Mean ± SD
	Post-test Mean ± SD
	p-value

	MoCA Total Score
	21.8 ± 2.6
	25.1 ± 2.9
	<0.001
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Fig 5- Bar graph showing MoCA total score for pre vs post mean scores
The MoCA total score increased from 21.8 ± 2.6 at pre-test to 25.1 ± 2.9 at post-test, indicating marked enhancement in overall cognitive performance. This improvement was highly significant (p < 0.001).
These results suggest that the intervention was effective in improving global cognition, including memory, attention, executive function, and visuospatial abilities.
Following the exergaming intervention, participants demonstrated a notable increase in general cognitive performance, as indicated by their MoCA scores. The mean MoCA score rose from 21.8 ± 2.6 at baseline to 25.1 ± 2.9 after six weeks of training, reflecting a statistically significant improvement (p < 0.001).
This rise suggests that the combined motor–cognitive demands of the training program contributed to broad gains across multiple cognitive domains, including attention, memory, visuospatial processing, and executive capabilities. Such improvements align with evidence that interactive, cognitively engaging physical activities can stimulate neuroplastic mechanisms, enhance cerebral blood flow, and support overall cognitive resilience in older adults.

4. DISCUSSION
The results demonstrate that a 6-week exergaming intervention can significantly improve attention, working memory, and global cognition in older adults.
Attention Improvements: The reduction in TMT-A and TMT-B times suggests enhanced processing speed, selective attention, and task-switching. Exergaming requires continuous visuomotor coordination, rapid decision-making, and obstacle recognition, which likely stimulated attentional networks. [21]
Memory Gains: Significant improvements in Digit Span Forward and Backward indicate enhanced short-term and working memory, as well as cognitive flexibility. Memory-based exergames demand real-time recall, sequencing, and updating of information, activating prefrontal cortical networks.[22]
Overall Cognitive Enhancement: The increase in MoCA scores reflects broad gains across cognitive domains, including attention, memory, visuospatial processing, and executive function. Combined motor–cognitive activity in exergaming likely contributed to neuroplastic adaptations and increased cerebral blood flow.[23]
Mechanisms and Implications: Exergaming enhances cognition through dual-task training, motor–cognitive integration, neuroplastic adaptation, and increased motivation and engagement. Unlike traditional training, exergames provide real-time feedback, progressive challenges, and multisensory stimulation, supporting adherence and long-term cognitive benefits.[24]


4. CONCLUSION
This study demonstrates that a 6-week exergaming program significantly enhances memory, attention, and global cognitive performance in older adults. Exergaming is an enjoyable, low-cost, and accessible tool that can be integrated into community rehabilitation, geriatric centers, and fall prevention programs. Future longitudinal studies with larger samples are recommended to evaluate long-term cognitive benefits and adherence patterns.
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