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Accessibility

Accessibility represents people's
ability to reach the activities required in their daily lives



This study tests whether digital tools impact in public transport
accessibility.

If real-time information and mobile payment allow people to make
better travel decisions, it may increase effective accessibility.

Q1: Are QR-based payment and official real-
time information associated with accessibility
to education and employment?

Q2: Are these associations spatially
equitable, or do they reproduce territorial
inequalities?
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Case study

Public transport in Santiago: different payment methods

Smartcard bip! Fintech QR

Digital payment interface

Red Movilidad QR
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Case study

Public transport in Santiago: different payment methods

Central empirical distinction: Red Movilidad QR is a proxy for the official
information ecosystem, not only for digital payment. 7



SPATIAL ADOPTION

QR adoption is not homogeneous across Santiago

Red Movilidad QR: more concentrated in
eastern areas.

Fintech QR: more distributed across the
metropolitan area.

Share of trips paid with fintech QR by zone Share of trips paid with Red Movilidad QR by zone

8



Methodology
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DATA

The study combines passive mobility data, opportunities, and
territorial controls.

Data block Main variables Source

Trips OD, travel-time components, transfers, payment method, date and time Red Movilidad Trip Table / DTPM, 2024-2025

Transport supply Schedules, frequencies, stops, stations, service indicators GTFS, load profiles, Operations Program /
DTPM

Opportunities Early-childhood and primary education; employment-related establishments Chilean Ministry of Education; Chilean
Internal Revenue Service (SII); Google Maps

API

Controls Population, income, employment, age, car ownership, socioeconomic
characteristics

Chilean Census; OD Survey 

Scope: April 2024 and April 2025, weekdays, morning peak 5:00-9:00, disaggregated to origin zones.
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ACCESSIBILITY INDICATOR

Accessibility is measured with a normalized gravity-based indicator
(Hansen, 1959).

Accessibility = 

A_i (Accessibility)
Is the accessibility for each origin zone 𝑖,
opportunity type 𝑘, payment method 𝑛,
year 𝑡, and travel-time specification 𝑠

D_j (Oportunities)
is the number of opportunities of type 𝑘
(laboral or educational) in destination
zone 𝑗

c_ij (cost of travel)
Average travel time between 𝑖
and 𝑗 for payment method 𝑛 in year 𝑡 and
travel time specification s (observed and
generalized)

The indicator measures the proportion of all opportunities in the city that are effectively accessible from
a given area, considering that more distant opportunities contribute less.

𝜆 (decay parameter)
The decay parameter 𝜆 is set to 0.045
for observed travel time and 0.039 for
generalized travel time
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Generalized travel time captures the burden of the trip

Observed travel time counts minutes.
Generalized travel time gives extra weight to waiting, walking, transfers, and in-vehicle time.

T_gen = 1.9 initial wait + 1.3 transfer wait + 3.19 walking + 13.5 transfers + 1.0 in-vehicle time

ACCESSIBILITY INDICATOR
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MODEL

OLS models estimate to conditional associations
Accessibility = Red QR share + Fintech QR share + controls + year FE + commune FE

Dependent variable
Accessibility to education or
employment, using observed or
generalized travel time.

Key predictors
Share of trips paid with Red
movilidad QR and share paid with
Fintech QR in each origin zone.

Controls
Sociodemographic, territorial, and
service variables; clustered standard
errors.

Additional models test macrozone fixed effects and territorial heterogeneity
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Results
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MODEL EVIDENCE

Model Results: Education Accessibility

Outcome Observed travel
time

Generalized travel
time

Observed travel
time + fixed effects

Generalized travel
time +fixed effects

Interpretation

Share of trips with Red Movilidad QR 2.992e-04*** 2.887e-04*** 2.677e-04*** 2.439e-04*** one aditional percentage
point increase in 0.5

weighted establishments

Share of trips with Fintech QR 8.630e-05* 5.128e-05+ 7.782e-05* 4.770e-05 smaller / less robust

Share of trips with Red Movilidad QR 1.345e-03*** 1.177e-03*** 1.009e-03*** 8.508e-04*** 46-55 weighted employment
establishments

Share of trips with Fintech QR 1.558e-05 -5.627e-05 -1.901e-05 -7.921e-05 not significant

Accessibility = Red Movilidad QR share + Fintech QR share + controls + year FE + commune FE
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This change represents an increase of about
2.9–3.6% relative to the average level of educational accessibility



MODEL EVIDENCE

Model Results: Education Accessibility

Outcome Interpretation

2.992e-04*** 2.887e-04*** 2.677e-04*** 2.439e-04*** one percentage point
increase in 0.5 weighted

establishments

8.630e-05* 5.128e-05+ 7.782e-05* 4.770e-05 smaller / less robust

1.345e-03*** 1.177e-03*** 1.009e-03*** 8.508e-04*** 46-55 weighted employment
establishments

1.558e-05 -5.627e-05 -1.901e-05 -7.921e-05 not significant

Accessibility = Red Movilidad QR share + Fintech QR share + controls + year FE + commune FE

Share of trips with Fintech QR 

Share of trips with Red Movilidad QR 

Share of trips with Red Movilidad QR 

Share of trips with Fintech QR 

Observed travel
time

Generalized travel
time

Observed travel
time + fixed effects

Generalized travel
time +fixed effects
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MODEL EVIDENCE

Model Results: Employment Accessibility

Outcome Interpretation

2.992e-04*** 2.887e-04*** 2.677e-04*** 2.439e-04*** one percentage point
increase in 0.5 weighted

establishments

8.630e-05* 5.128e-05+ 7.782e-05* 4.770e-05 smaller / less robust

Share of trips with Red Movilidad QR 1.345e-03*** 1.177e-03*** 1.009e-03*** 8.508e-04*** 46-55 weighted employment
establishments

1.558e-05 -5.627e-05 -1.901e-05 -7.921e-05 not significant

Accessibility = Red Movilidad QR share + Fintech QR share + controls + year FE + commune FE

Share of trips with Red Movilidad QR 

Share of trips with Fintech QR 

Observed travel
time

Generalized travel
time

Observed travel
time + fixed effects

Generalized travel
time +fixed effects

Share of trips with Fintech QR 
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MODEL EVIDENCE

Model Results: Employment Accessibility

Outcome Interpretation

2.992e-04*** 2.887e-04*** 2.677e-04*** 2.439e-04*** one percentage point
increase in 0.5 weighted

establishments

8.630e-05* 5.128e-05+ 7.782e-05* 4.770e-05 smaller / less robust

Share of trips with Red Movilidad QR 1.345e-03*** 1.177e-03*** 1.009e-03*** 8.508e-04*** 46-55 weighted employment
establishments

1.558e-05 -5.627e-05 -1.901e-05 -7.921e-05 not significant

Accessibility = Red Movilidad QR share + Fintech QR share + controls + year FE + commune FE

Share of trips with Red Movilidad QR 

Share of trips with Fintech QR 

Share of trips with Fintech QR 

Observed travel
time

Generalized travel
time

Observed travel
time + fixed effects

Generalized travel
time +fixed effects
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MODEL HETEROGENEITY

Interaction effects between Macrozones and Red Movilidad QR on
Educational Accessibility

Education
Interactions are not statistically significant, so the Red Movilidad QR association is
relatively stable across macrozones.

Interaction: Macrozone x
Red Movilidad QR Educational Accessibility Employment Accessibility

Share of trips with Red Movilidad QR 3.552e-04 2.214e-03*

North -3.927e-04 -2.213e-03*

East 1.293e-04 -7.974e-04

West -1.916e-04 -1.716e-03+

South -3.206e-04 -2.006e-03*

Southeast 1.351e-04 -6.719e-04
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MODEL HETEROGENEITY

Interaction effects between Macrozones and Red Movilidad QR on
Employment Accessibility

Employment

North, West, and South show smaller Red Movilidad QR
associations than the Central Area.

Interaction: Macrozone x
Red Movilidad QR Educational Accessibility Employment Accessibility

Share of trips with QR Red Movilidad reference 2.214e-03*

North -3.927e-04 -2.213e-03*

East 1.293e-04 -7.974e-04

West -1.916e-04 -1.716e-03+

South -3.206e-04 -2.006e-03*

Southeast 1.351e-04 -6.719e-04
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INTERPRETATION

Summary 

These findings suggest that the relevant mechanism is the combination of payment
and official real-time information, rather than digital payment alone.

Red Movilidad QR is positively associated with accessibility to both
education and employment.

Fintech QR shows a positive association with education accessibility, but no
statistically significant association with employment accessibility.
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INTERPRETATION

Summary 

This suggests that digital tools improve accessibility, but their benefits still depend
on the underlying transport network.

For education accessibility, we do not find significant spatial variation
across macrozones.

For employment accessibility, we find significant spatial variation. The effect of QR
RED is smaller in peripheral macrozones, particularly in the north, south, and west
of Santiago.
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POLICY IMPLICATIONS

Digital tools can enhance service quality and improve access to
opportunities

1. Build integrated public platforms: Combine payment, real-time information, trip planning, and service
updates.

2. Improve public transport service: Digital tools are most effective when supported by high-quality service
and infrastructure.

3. Protect digital inclusion: Expand access to digital mobility tools across all territories and population
groups.
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BASELINE ACCESSIBILITY

Before payment methods, access to opportunities is already unequal.
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Macrozone Services/zone Metro stations

Central Area 5.73 19

North 4.40 16

Southeast 4.32 24

South 4.17 17

East 3.98 29

West 3.87 21

Why Red Movilidad QR associations differ across territories

Educational opportunities Employment opportunities Transport supply by macrozone

Average services per zone and Metro stations
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Appendix
Backup slides.
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QR Red app flow.

APPENDIX A1
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APPENDIX A1
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SPATIAL HETEROGENEITY

Digital gains are not distributed evenly across the city.

A larger relative gain can occur because baseline accessibility in those areas is low. When the starting point is
low, even a small absolute change can look large in relative terms. 34



APPENDIX A2

Data construction flow.

Kept as backup because the main talk only needs the data blocks and sources.
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APPENDIX A3

Estimated payment shares in Red Movilidad trips.

Payment method 2024 2025 Description

Smartcard bip! 85.9% 81.6% Traditional contactless card

External QR apps 11.1% 14.6% Financial or third-party applications

QR Red app 3.0% 3.8% Official app payment interface
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APPENDIX A4

Spatial distribution of QR trips by origin macrozone.

Macrozone QR Red Other QR

Central Area 13.5% 17.0%

North 5.4% 9.8%

East 41.7% 18.8%

West 13.1% 20.7%

South 9.5% 13.7%

Southeast 16.8% 20.0%

Total 100.0% 100.0%
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APPENDIX A6

Limitations and identification.

Observational design

The models estimate conditional associations, not causal
effects.

Proxy

QR Red is a proxy for access to the official app ecosystem;
actual app consultation is not observed.

Spatial scale

Zone-level indicators may hide within-zone heterogeneity and
opportunity quality.

Temporal scope

The analysis covers April 2024 and April 2025, weekday AM
peak trips.
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APPENDIX A7

Generalized travel time
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APPENDIX A9

travel-time components 
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GENERALIZED TIME

The generalized-time results help us understand the mechanism more
clearly.

41-42
minutes of observed travel time

57-59
minutes of generalized travel time

Interpretation

Real-time information matters most
in uncertain parts of the trip: waiting,
transfers, and route coordination.

Area Education loss Job loss Pattern

Central 6.3% 8.1% Lower penalty

Southeast 14.0% 19.9% Higher penalty
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APPENDIX A8

Independent variables in the models
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