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Abstract: The degree of global population aging is continuously deepening, and the decline in cognitive function
among the elderly directly affects their understanding of living spaces and personal safety. To explore how the
interaction and combination of multiple indoor environmental factors systematically affect the spatial cognitive load
of the elderly, this study constructed a comprehensive objective evaluation framework that includes the quantification
of spatial syntax to control task difficulty, three-dimensional digital scene simulation, and real-time collection of EEG
neural activities. The study adopted an orthogonal experimental design method, selecting spatial form, wall color, light
source color temperature, and lighting brightness as experimental variables in a three-dimensional virtual environment.
Dual tasks of path memory and object location were designed, and wireless EEG signals were collected simultaneously.
The results of behavioral and EEG physiological data analysis jointly indicate that in a moderate cognitive load context,
high color temperature and irregular spatial forms significantly increase the task success rate of elderly subjects. At the
neural mechanism level, irregular spatial forms can stably activate the posterior parietal cortex region related to spatial
memory across tasks, effectively mobilizing cognitive resources. However, the supportive effect of these environmental
factors is constrained by individual cognitive load thresholds. When the task difficulty is too high, the regulatory effects
of most indoor visual environment design elements will significantly decline. This study confirms that the moderate
introduction of irregular spatial nodes as cognitive anchors can effectively mobilize the neural resources of the elderly
and compensate for the decline in their spatial orientation and memory functions, thereby providing solid data support
and reference basis for the future construction of cognition-friendly health care and home environments.
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