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Overview 

Today's biometric tools can help us understand the human experience of place by revealing the 
hidden, unconscious mechanisms that direct our behavior in the built environment. This study 
delved into the influence of Green and Complete Streets, which are strategies for promoting 
more sustainable, human-centric developments, on users’ unconscious reactions and subjective 
emotions. Focusing on the redevelopment of a former army base in Devens, MA, the work 
studied streets with varying levels of green and complete street design elements (GCS).  It 
captured the walking and visual experience on these streets with pictures and videos and then, 
using biometric software (iMotions-online), explored how these designs impact us 
unconsciously. Through understanding these hidden reactions, we aspire to design streets that 
are not only functional but foster positive emotional experiences, promoting individual and 
community wellbeing. 

Streets Redefined: Green and Complete Design 

The way our streets are designed greatly impacts how we live our lives, an observation 
amplified during the COVID-19 lockdown. This unprecedented period, confining many indoors, 
dramatically impacted our activity and use of space. In this manner, the pandemic’s impact 
underscored the need for pedestrian and cycling-friendly environments and led to renewed 
interest and attention to GCS (Bristowe et al. 2023; Jevtic 2022; Levinger et al.  2022, Paydar et 
al. 2021, Wang, Y. et al. 2021). 

Rather than the more traditional auto-centric approach to street design, which has 
dominated development for decades, complete streets aim to make roads safe for everyone. By 
promoting walking and cycling, these designs can lead to more physical activity. Moreover, 
increasing foot and bicycle travel can reduce congestion, fuel usage, and carbon emissions. 
Green streets also focus on incorporating environmentally responsible stormwater 
management, adding street trees, vegetation, and building with more sustainable materials. 
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Together, these factors help reduce the urban heat island effect, stormwater run-off, vehicle 
speeds, and urban noise, improving mental and physical health and reducing stress.  

By combining two previously separate concepts – “green” and “complete”, the “green 
and complete streets” paradigm aims to accomplish the goals of both to create road networks 
that are safe and accessible for all users and environmentally responsible. Moreover, biometric 
tools can help us better understand how people interact with their environment: eye tracking 
reveals where and how long people focus on different aspects of their environment both 
unconsciously and consciously, while facial analysis follows our emotional responses in multiple 
spatial stimuli. Put simply, these tools show us what catches our eye, at first glance, and how 
we react emotionally to our surroundings.  

Research Insights and Methodology: 

We evaluated design proposals with varying GCS for a portion of the Goddard Street in 
Devens, MA. We asked: does a relationship exist between design proposals with low and high 
green and complete street design elements (GCS) and how people respond unconsciously? 
Using eye-tracking and facial-expression analysis software, we recorded unconscious biometric 
responses while surveys asked people where they were from (urban vs. rural) and gauged 
subjective reactions, enabling us to compare responses across design conditions (i.e. low vs high 
GCS). 
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Figure 1. Image examples. Top: original image showing no GCS. Bottom left: original image showing low GCE. Bottom right: altered 
duplicate of the previous image showing high GCS. High GCS images included adding grass, brick pavers and trees. 

To understand how GCS affects perceptions, we copied images of streets with no and 
low GCS, altering them to create high GCS images1 (Figure 1), and used videos simulating 
pedestrian viewpoints in each condition (no, low, and high GCS). These materials were analyzed 
in two levels through unconscious and subjective responses of the participants. The 
unconscious responses came through the analysis of eye tracking recording (gaze patterns, 
fixation points, etc.) while subjective responses were analyzed through a research survey where 
participants had to give an emoji value to their feelings about specific stimuli randomly (seven-
point facial emoji scale survey) (Figure 2). 

 
 

 

 

 

 

 

 

 
1 Adding grass, pavers, trees, flowers, color editing, and road design elements. 

Figure 2. Example of Image with subjective survey question. 
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Findings 

In images with high GCS, substantial attention gravitated towards sidewalks and 
adjacent greenery, with trees, grass, and flowers garnering significant focus. Eye-tracking and 
heatmap analyses revealed heightened fixation on natural elements and less emphasis on 
streets in high GCS images (Figure 3). Notably, high GCS images elicited increased fixation 
counts (how much participants focused on elements), especially on sidewalks, while low GCS 
images primarily directed attention towards streets (where low GCS images included streets 
with traditional asphalt, high GCS images depicted streets with brick and stone textures). 
Moreover, prolonged observation of sidewalks in high GCS images correlated with more 
dispersed attention, signifying their important role in influencing gaze patterns and navigation 
in street scenes.  

 
Figure 3. Original and heatmap images of high GCS (top row) and low GCS (bottom row) samples 

Facial analysis unveiled nuanced emotional responses, showcasing elevated positive 
emotions like joy in high GCS images, albeit occasionally intermixed with negative feelings such 
as fear. Urban or rural backgrounds influenced emotional reactions, with urban dwellers 
expressing more positive sentiments across various image categories. Interestingly, participants 
reported predominantly positive sentiments using a subjective emoji-anchored scale, despite 
the unconscious reactions indicating nuanced emotional responses. Statistical analyses revealed 
higher emoji ratings for images with greater GCS elements, but no significant emotional 
differences emerged between high and low GCS images. 

Conclusion 

This research highlights intriguing patterns in how street design elements influence human 
unconscious reactions and emotions. Our findings underscore the need for further exploration 
into the discrepancies between unconscious reactions and conscious assessments, the role of 
materials, textures, and patterns in visual preferences, and the broader generalizability of our 
results to diverse urban settings. By elucidating the intricate relationship between nature, 
street design, and human reactions, our research contributes valuable insights to inform future 
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urban planning strategies and enhance the quality of urban spaces using green infrastructure 
and more natural elements.  This study demonstrates that green infrastructure can have a 
direct and measurable psychological impact on those who see it: residents, visitors, workers.  
By offering empirical evidence of ways that green infrastructure supports our mental health 
and well-being, this research supports policies that encourage green infrastructure 
investments.  Moreover, our study's implications extend beyond Devens, confirming broader 
literature on environmental planning and human behavior. 

Understanding how street designs influence human behavior stands as a cornerstone for 
crafting urban spaces that consider feelings as well as functionality. Integrating these insights 
into urban planning strategies can pave the way for more inclusive and sustainable 
development that promote wellbeing worldwide. 
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Notes on Methodology 

 The study aimed for diverse participation beyond lab settings using an online platform 
(iMotions Online) accessible to anyone with a laptop or desktop with a camera. While this 
method is cost-effective, it faces challenges such as attrition due to poor data quality influenced 
by various factors like visual impairment, lighting, and adherence to instructions. Specific 
guidelines were implemented to optimize participant performance, including calibration and 
debriefing processes. Ninety-three (n=93) participants responded to social media 
advertisements and completed the study through the iMotions platform. Biometric data from 
thirty-nine (39) participants met quality metrics and was processed using iMotions' algorithm 
on a secure university computer. In the end, study participants were mostly female (66%), 
young (between ages 18-34, 89%), and had at least a bachelor’s degree (69%). Most also grew 
up in suburban (59%) or urban (28%) neighborhoods, though at the time of the study, most 
lived in urban neighborhoods (74%). 
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