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It is difficult to assess the impact that architectural designs have on individuals with age-related cognitive problems, such 
as Alzheimer’s disease and mild cognitive impairment. We have developed an immersive virtual reality system to assess the 
behavioral and physiological conditions of subjects while interacting with a realistic virtual environment, assisting clinicians in 

cognitive evaluation and architectural designers in designing for cognitive difficulties.

1.   ABSTRACT
It is difficult to obtain solid evidence of how aspects of a built environment affect the inhabitants of that 
environment. It is particularly difficult to do so for facilities designed for habitation by or service for individuals 
with age-related cognitive problems.  While designing for the gradual impairment of navigation abilities and 
route learning widely documented in normal aging (Yamamoto 2012, Moffat 2009, Harris 2012) is challenging, 
designing for age-related dementias, such as mild cognitive impairment (MCI) and Alzheimer’s disease 
(AD) is even more so. Designing such facilities well and understanding their effects on their inhabitants is 
becoming increasingly important, as the population ages and more individuals develop dementia, with 
over 5 million current diagnoses in the USA, and the number increasing inexorably (National Institutes of 
Aging Website - nia.nih.gov) 

Classically, testing the effects of such facilities is done by analyzing aspects of existing architecture and 
implementing them into a new building, followed by behavioral observation, a system which is both 
expensive and cumbersome. More recently, virtual reality (VR) environments, such as the StarCAVE at CalIT2, 
have allowed individuals to experience a virtual incarnation of a building in an immersive and interactive 
way while allowing monitoring of the subjects position and head orientation (Zhang et al., 2011; Macagno 
et al., 2012). Unfortunately, such systems are geared towards research and development, rather than broad 
testing of subjects’ responses to designs of the built environment in VR. Due to their developmental nature, 
these systems, while capable of implementing software for such tests, are expensive, difficult to use by 
untrained individuals, and require specialized technical support.

Based upon these existing technologies we have developed a more cost-effective, immersive VR system 
for use by clinical researchers at the UC San Diego Center for Neurodegenerative Diseases. This modified 
mini-WAVE system, is a more portable VR system incorporating an easy-to-use interface, such as a steering 
wheel and pedal, virtual sound, and integration of sensors for determining the state of subjects in real time. 
These sensors may include motion capture, eye tracking, and non-invasive physiological sensors (such as 
EEG, EOG, ECG, etc.), allowing researchers to evaluate the cognitive state of patients with dementia as 
they interact with the virtual environment. The adaptation and integration of these technologies is vital for 
the assessment of behaviors within a virtual environment similar to the behaviors such subjects would have 
with an actual environment, especially allowing maximally natural movements of the subjects’ body and 
unimpeded visual feedback of actions both within the VR environment and with the physical interfaces.

We have also developed experimental paradigms for testing features of the environment, cognitive function 
of patients navigating the environment, and software for real time evaluation of sensors during the testing. 
Existing systems have been used to perform experiments in virtual environments (Flynn ‘03, Cushman ‘08) 
and realistic models of actual (or proposed) built environments have been displayed in our existing facilities. 
These new paradigms, however, are adapted from classic neuroscience experiments, specifically geared 
towards the evaluation of cognitive processes and integration of monitoring sensors. These paradigms are 
implemented using a baseline virtual model we have developed, able to be customized to test aspects 
of spatial memory, orientation skills, navigation, and structural cue recognition. One of the key aspects of 
this model is its versatility; allowing an experimenter to easily place visual and auditory objects in the virtual 
environment, set experimental parameters, define basic interactions, while collecting information about 
the experiment and subject. This allows our system to be used (1) by clinicians working on dementia, looking 
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for environmental biomarkers related to disease progression, and (2) by architectural designers to better 
inform the design of assisted care facilities and hospitals.
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