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Intelligent, and ‘lightweight,’ transport 
systems

DynaMIT Flexible Mobility-on-Demand (FMOD)

Real-time Traffic
Prediction

Personalized Public
Transport

Road Runner

Infrastructure-less Traffic
Management
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Contextual Background
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Bus delay

Wednesday
October 7, 2015

8:30 AM
Dudley Square

City 
Center

http://bostonography.com/bus/
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Bus Rapid Transit (BRT) – How does Boston feel about It?
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PROBLEM

Local community suspicious & critical 
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Can new technologies 
help the participatory 

planning process?



Experimental Workshops I
Roxbury Neighborhood, Boston, Oct 2015
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Hypothesis

Tangible, interactive planning tools 
in public engagement workshops

enhance learning (single and double loop learning)

Better planning outcomes
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http://www.selfleadership.com/wp-
content/uploads/2009/12/AL-2.jpg



• think more rapidly
• revisit ideas more frequently
• better grasp spatial relations
• make new discoveries & more re-

interpretations

• “imagination” (changed perception)
• “alignment” (other perspectives)
• “engagement” (shared views, 

others listened)
• attitude- and behavior-changing 

potential

Tangibility

Interactivity

Mechanisms

(Maher & Kim, 2005; Goodspeed, 2013) 
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Relational
• Alignment
• Engagement
• Conversational openings

Content
• Imagination
• Credibility
• Expectations



PROCESS

Combine two tools

Accessibility Mapping: 
CoAXs
• GTFS + Open Street Planner
• Open Transport Analyst 

(Conveyal) 
• Open Data (e.g. jobs)

Tangible User Interface: 
CityScope
• LEGO Bricks
• Processing
• Webcam 



CoAXs: Part of a Suite of web-based software with open APIs 
allow for rapid scenario modification and evaluation
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Analyst Server

Data management, 
configuration, and batch 
analysis

CoAXs

Interface for wider 
interactive 
engagement

Accessibility and 
travel time results

Transit 
modifications

Transit schedules
(e.g. GTFS)

Road network
(OSM)

Land-use data
(e.g. LODES)

OpenTripPlanner
or Conveyal R5
Multimodal routing 
engine

Selected origin and 
routing options

Travel times from origin to all 
potential destinations

Scenario Editor

Interface for 
detailed editing

Baseline
data

Other tools

Interfaces for 
communicating 
compiled results



Streetscape
Simulation

Regional 
Simulation

Neighborhood 
Simulation

PROCESS

Conceptualization



PROCESS

Design & Development



PROCESS

Pre-Pilot



PROCESS

Student Test Group
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PROCESS

Facilitators Preview



Street Scale

Live 
Dashboard

BRT scenario simulation

Feature Articulation



Neighborhood Scale Live 
Dashboard

Landmarks

Station upgrade

Live route &traffic update



Regional Scale

Personalized Time Map

Route Editor Route Scenario Selection

On-demand Dashboard



PROCESS

4 days, 6 workshops, 51 participants
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Methods



Participants



Overall responses: Reasonably positive

Learning

Openness

“Buy-in”

Teaching

Agency



Single and Double-Loop Learning

Single-Loop
Learning

Double-Loop
Learning



Subject Learning….about BRT (Pre/Post)



• Agency: “I can play an active role in the planning of the 
community where I live.”

• Impact: “Public participation in planning advances the 
interests of my community.”

Learning Effects: Pre/Post

Negative         Neutral         Positive



Comparing the Tools



Usability



Relevance & Credibility



Design Lessons



Regional Scale

Personalized Time Map

Route Editor Route Scenario Selection

On-demand Dashboard

“People can match 
their personal 
experience”

“people can see 
everything, where 
you are going”

“can try limitless 
variations; street 
model has only 9 
variations”

“see transit desert”



Data comparison & visualization most compelling

0

5
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15

20

Comparison Impact
Visualization

Interactivity Play Facilitation Peer
Presence



DESIGN FEATURES

Personalization



How far can I travel in say... 1 hour?

DESIGN FEATURE

Make data personal



1 hour 15min?

DESIGN FEATURE

Make data personal



DESIGN FEATURES

Instant, Comparable Output



Limitations

• Representativeness of participants and sample size….
• Cross-workshop variation…
• No control group
• Technical glitches
• Limited “interactivity”, block-box-“ness” remains
• Not enough time: 2-hour workshop windows (30 mins per 

tool)



Experimental Workshops II
LivableStreets, Bus Priority Corridors
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Multiple hypotheses

• Conversation supported by an interactive mapping tool… 
• broadens participants’ consideration of impacts
• increases enthusiasm for public transport projects

• Framing results in terms of locational accessibility does so better 
than framing results in terms of travel time for individual trips
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Participants are randomly assigned to groups using different 
versions of the CoAXs interactive mapping tool.

• Four workshops, each 
2 hours long

• About 10 participants per 
workshop, recruited by local 
advocacy group

• Two facilitators alternate between 
touchscreen tool versions in 
different workshops

• Basic information about sample 
transport project (five bus priority 
corridors) presented before pretest 
survey
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Users can modify running time, dwell time, and frequency for 
public transport routes in pre-identified segments.
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In the point-to-point version, users select an origin and 
destination, then compare minutes of travel time.
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In the accessibility version, users select an origin and travel-time 
cutoff, then compare number of jobs reachable.
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Findings: In Sum
• Broadened scope of impacts considered

• Relative to the point-to-point version, the accessibility version 
mitigated disappointment about some impacts of interventions and 
prompted more attention to impacts on other users and modes

• Increased enthusiasm for bus priority projects
• Wide variability in enthusiasm, and changes in enthusiasm, making 

aggregate measures dubious
• Clear difference in effects of predisposition, modal biases, and 

dialog between the two versions
• Important aspects of user experience (e.g. comfort, 

reliability) not reflected by accessibility metrics
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To reflect participants’ lived experience adequately, accessibility 
must be adjusted to incorporate unreliability of actual operations.
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Variability of MBTA service from Copley Square over 10 days in October, 2016



MBTA service from Copley over 10 weekday mornings last 
October was highly variable
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• Some evidence of learning: individual and double-loop
• Learning mechanisms: 

• interaction with the tools; conversing with others and relating to their 
points of view; questioning of the tools and their assumptions

• Interactive accessibility mapping supports dialog through rapid 
computation.

• Credibility is diminished when represented service does not 
align with experience.

• A larger danger of “illusion of inclusion” remains.
• Findings indicative….

Conclusions



CoAXs: Quo Vadis? 
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Appendix
• Details of analysis for second experimental workshops
• (From Stewart, 2017)
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Pre- and post- surveys repeat questions on expected impacts of 
transport project and enthusiasm.
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Expected 
impacts on 

different 
groups

Enthusiasm

Advocacy 
capability

Dialog quality
(see 

Goodspeed, 
2015)



The post- survey also includes questions on dialog quality, 
usefulness, and usability of CoAXs.
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Usefulness

Group
alignment

Imagination

Usability



Initial expectations of positive impact were not met for many 
participants, especially after using the point-to-point version.
With point-to-point version, negative shift in expected impact of transport project on…
• “Yourself” for 31% of respondents (5/16)

71

Significant 
Negative Impact

Significant 
Positive Impact

No Impact

1 participant 6 participants 12 participants Mean

Mean shift in 
expected 
impacts

Percent of 
users of each 

version



On balance, the accessibility version led expected impact on 
other modes to shift up, while the point-to-point version did not.
• Expected impact of transport project on…
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Significant 
Negative Impact

Significant 
Positive Impact

No Impact



Enthusiasm

Accessibility Version Point- to-Point Version

Positive Shift 53% 50%
No Shift 6% 25%

Negative Shift 41% 25%

p, Shift (Wilcoxon) .94 .84

p, Shift categories differ (Fisher's exact) .30
p, Pre-scores differ (Mann-Whitney) .85

p, Post-scores differ (Mann-Whitney) .58
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Pre Post

Changes in enthusiasm were mixed.

Sum of three 1-5 Likert items:
• This project will be effective at advancing 

important transportation goals.
• This project will help advance important 

broader urban goals (e.g. housing, education). 
• I am more likely to advocate for this project 

than other projects LivableStreets supports.
High internal consistency
• Cronbach ɑ = 0.79 on post
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Linear regression models were tested with posttest enthusiasm
scores as the dependent variable.
Hypothesized signs:
• Enthusiasm (pre) 

+ Enthusiasm score on pretest
• Skepticism (pre)

- Imputed from pretest questions about past planning meeting attendance and learning
• Car (pre)

- If participant regularly uses car
• Bus (pre)

+ If participant regularly uses bus
• Self (post-pre)

+ Change in expected impact of project on self
• Own (post) 

+ Agreement that “CoAXs prompted me to think about alternatives for my own travel”
• Others (post) 

+ Agreement that “CoAXs helped me imagine what travel is like for others”
• Dialog quality

+ Indicator of social learning (Goodspeed, 2015)



Dependent Variable: Enthusiasm (post), All Participants

Coeff. SE Coeff. SE Coeff. SE
(Intercept) 5.40 2.63 .050 * 3.34 2.79 .242 -6.81 1.95 .002 **
Enthusiasm (pre) 0.55 0.22 .019 * 0.56 0.24 .030 * 0.65 0.13 .000 ***
Skepticism (pre, imputed) -3.26 1.17 .010 ** -4.11 1.20 .002 ** -3.97 0.64 .000 ***
Use car (pre) -0.53 0.71 .463 -0.73 0.69 .303 -1.00 0.37 .012 *
Use bus (pre) 0.89 0.76 .251 1.38 0.76 .081 . 0.64 0.41 .137
Change in exp. impact on self (post-pre) 1.09 0.59 .075 . 0.98 0.31 .005 **
Think about own travel (post) 0.69 0.37 .074 . 0.79 0.20 .000 ***
Imagine others' travel (post) -0.01 0.53 .980 -0.82 0.30 .012 *
Dialog quality (post) 2.92 0.37 .000 ***
n 33 32 32
Residual std. error 1.86 1.75 0.93
F-statistic
Adjusted R-squared 0.32 0.41 0.84

p-val
Model 1 - "Predisposition" Model 2 - "Myopia"

p-val
Model 3 - "Collaboration"

4.693 on 4 and 28 DF 4.104 on 7 and 24 DF 20.75 on 8 and 23 DF

p-val

Individual-level model results suggest dialog quality and 
personalization countered initial skepticism and modal bias.
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Dependent Variable: Enthusiasm (post), Segmented
 

Coeff. SE Coeff. SE Coeff. SE
(Intercept) -3.71 2.84 .203 -8.61 3.84 .046 * 3.03 4.79 .541
Enthusiasm (pre) 0.45 0.17 .013 * 0.59 0.21 .015 * 0.31 0.32 .349
Skepticism (pre, imputed) -3.51 0.90 .001 *** -1.83 1.43 .226 -4.09 1.19 .006 **
Use car (pre) -0.60 0.55 .286 -0.04 0.84 .962 -1.51 0.87 .113
Use bus (pre) 0.43 0.59 .477 1.12 1.03 .301 0.10 0.83 .908

Dialog quality (post) 2.39 0.53 .000 *** 2.89 0.74 .002 ** 1.40 0.80 .111
n 33 17 16
Residual std. error 1.46 1.27 1.46
F-statistic 6.63 on 5 and 10 DF
Adjusted R-squared 0.60 0.63 0.65

10.54 on 5 and 27 DF

p-val
Model 4A - Accessibility Version Model 4B - Point-to-Point Version

6.57 on 5 and 11 DF

p-val p-val
Model 4 - Dialog

Individual-level models suggest dialog quality and personalization 
were important in overcoming initial skepticism and modal bias.

Segmented models significantly different
Chow Test: p = .016 (F = 3.54 on 5 and 23 DF)
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