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Abstract

This study presents the development and implementation of an integrated survey sys-
tem designed to evaluate the impact of MaaS in the context of Cairo’s rapidly evolving
urban landscape. The research employs a dual-survey methodology, combining an RP
household travel survey with an innovative, context-aware SP experiment focused on
MaaS. The system is tailored to address the complexities of Cairo’s formal and informal
transport networks and the transformative potential of new public transit infrastructure
associated with Cairo’s urban expansion and the introduction of the New Administrative
Capital. The paper outlines the methodological framework, including the design of the
survey instruments, drawing upon established guidelines and the integration of real-world
transportation data for realistic scenario generation in the SP component. While this paper
primarily focuses on the development of the survey system and its design principles, it also
incorporates some preliminary findings from a 313-participant full-scale survey to illustrate
the potential of this comprehensive approach for understanding current travel behaviour,
socio-demographic determinants of mobility, and the prospects of context-aware SP data to
assess user preferences for potential MaaS offerings. Results highlight the methodological
advances in survey design for developing cities and aim to offer policy-relevant evidence
for sustainable mobility interventions.

Keywords: revealed preference; stated preference; context-aware; mobility as a service
(MaaS); Cairo’s new administrative capital

1. Introduction
Cairo, Egypt’s capital and one of the largest cities in Africa and the Middle East,

exemplifies the challenges of megacity mobility. The Greater Cairo Region (GCR) spans
nearly 3300 km2, with a population exceeding 26 million and densities reaching over
75,000 inhabitants/km2 in central districts [1]. This dense, mixed-use urban fabric results
in a complex interplay between short local trips and long commutes driven by urban
sprawl. Despite an extensive road network (36,000 km), the city faces severe congestion
primarily due to delays, wasting 15% of per capita GDP. The most recent modal share
data dates back to the year 2014, indicating that 63% of trips are made by public transport,
while private cars account for 21%. However, car ownership in Cairo is nearly double the
national average, intensifying congestion and environmental pressures. Travel speeds in
peak periods can drop to 6 km/h on surface streets and 20 km/h on major corridors [2,3].
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Cairo has an extensive public transport network, including buses, the metro, and
microbuses. However, the quality of service is substandard, access to relevant information
is minimal, mixed-mode commuting is very hard, and the system is perceived as unreliable
and uncomfortable by travelers. Additionally, the transport network is still limited, leading
to severe road congestion [4,5]. Since 2017, along with the expansion of the New Admin-
istrative Capital (NAC), Egypt has increased its focus on rail-based transportation lines,
which can address several shortcomings of the existing system and improve mobility in
Cairo. Recent and ongoing projects include an LRT, two Monorail Lines, Metro Line 4, and
a BRT (Figure 1).

 

Figure 1. GRC’s new modes of public transportation under development.

However, despite these investments, the integration and accessibility of these modes
remain critical challenges. Our previous comprehensive analysis [6] provides extensive
empirical evidence of these impacts through a systematic evaluation of 1200 origin points
across the Greater Cairo Region to 8 key destination zones. This study quantified how
Cairo’s current transport limitations affect daily mobility, demonstrating that large areas
remain completely inaccessible via public transport and revealing substantial travel time
inefficiencies across the network, with potential savings of 6–24 min (5–21%) through
improved infrastructure. The analysis showed that residents in peripheral areas like new
satellite cities experience particularly severe connectivity challenges, with limited or no
public transport options to central Cairo or other major zones.

1.1. Objective and Motivation

Cairo’s transportation system is characterized by fragmentation, limited-service inte-
gration, and quality deficits. The advancement of the New Administrative Capital and its
associated transportation infrastructure introduces an opportunity for sustainable mobility
as well as additional complexity. This situation provides an unprecedented opportunity to
investigate how Mobility as a Service (MaaS) can support the adoption of new transporta-
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tion modes. Without effective integration, new high-capacity modes may fail to reduce car
dependency or achieve intended benefits.

MaaS represents a paradigm shift in urban mobility, with its core capabilities of
comprehensive information provision, modal integration, multimodal trip planning, and
bundled mobility packages into a unified digital platform, offering potential to reduce
cognitive barriers, facilitate modal shift, and enable more sustainable travel behaviour.
Understanding how MaaS capabilities might influence travel behaviour and mode choice
decisions, given Cairo’s evolving transportation system, characterized by established car-
dependent patterns, is crucial. While MaaS has shown promise in developed contexts, its
impact in rapidly growing cities like Cairo, with significant informal transport and car
dependency, remains largely untested.

The novelty in this study comes in the dual-phase design adopted to tackle the limi-
tations of relying solely on Revealed Preference (RP) or Stated Preference (SP) and aims
at providing a holistic understanding of travel behaviour, capturing both current patterns
and potential shifts in response to the introduction of MaaS. This addresses a significant
research gap and contributes to a growing body of knowledge on the application of MaaS
in diverse urban contexts, and provides a foundation for developing sustainable and inte-
grated mobility solutions for Cairo, particularly in the context of the New Administrative
Capital. This study tackles this through a comprehensive approach:

• Developing an RP Household Travel Survey system capable of capturing detailed
socio-demographic data and creating a comprehensive baseline of current travel
patterns among Cairo commuters.

• Developing a framework and Context-aware SP Survey system to explore the antici-
pated MaaS impacts on travel behaviour and modal shifts, focusing on both techno-
logical and behavioural dimensions.

This paper details the methodological framework underpinning the development of
this survey system, including the rationale for the chosen approach and the design con-
siderations for each survey component. While the full-scale implementation and detailed
analysis of survey outcomes are ongoing, this paper includes some insights and initial
analysis to demonstrate the potential of this integrated approach.

1.2. Literature Review
1.2.1. Revealed Preference (RP) Surveys

Travel behaviour surveys are essential tools for understanding travel behaviour and in-
forming transportation planning. Traditional methods have included paper-based surveys,
phone interviews, or interviewer-assisted surveys. These methods typically involve asking
participants to describe their travel behaviour over a limited timeframe (often a single
workday) or to recall their travel patterns on specific days. However, these conventional
approaches rely heavily on participants’ memory and might place a major burden on re-
spondents, which may negatively affect both the quality and quantity of the data collected.

Travel survey methodologies have evolved significantly over the past twenty years [7–19].
Advancements in GPS technology, along with improvements in smartphone-based positioning
systems, have introduced a more efficient alternative for collecting travel data and helped make
the transition from traditional methods to sophisticated smartphone-based approaches [20].
These methods passively collect GPS trajectory data to infer trip information with greater
accuracy, greater efficiency, reduce time and labor requirements, and minimize respondent
burden, offering transportation planners a powerful tool for data assembly. The systems collect
detailed data and travel attributes, such as start and end times, distances traveled, routes
taken, stop locations, as well as trip modes and purposes, with higher precision [21]. However,
challenges associated with smartphone-based surveys include battery depletion, participant
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involvement, and privacy concerns. Hybrid approaches that combine web-based diaries with
optional smartphone applications have shown promise in addressing both participant burden
and data quality concerns. Greaves et al. [22] demonstrated that web-based travel diaries
enhanced with smartphone mapping capabilities achieved 76% completion rates over seven
days, with participants reporting high satisfaction levels and willingness to participate again.

1.2.2. Stated Preference (SP) Surveys

SP surveys are notably useful when assessing hypothetical scenarios such as new
transit services or products that are not yet widely available or even attribute ranges be-
yond those observed in revealed preference data. The primary goal of these surveys is to
capture the complex decision-making processes involved in adopting evolving concepts
and products, such as MaaS. By using SP experiments, it is possible to assess the indepen-
dent influence of various factors on mobility decisions and gain insights into potential
behavioural changes in response to emerging mobility options.

MaaS is still a relatively new concept, yet it is gaining traction; therefore, under-
standing user preferences and potential demand requires careful experimental design
through SP surveys, since revealed preference data is largely unavailable [23]. Within MaaS
frameworks, cycling, for instance, plays an increasingly important environmental role as a
sustainable mobility option, particularly in first/last-mile connectivity and short-distance
trips [24]. However, the integration of cycling into MaaS systems varies significantly across
urban contexts. While established cycling cities demonstrate successful integration of
bike-sharing with public transport, developing cities like Cairo face distinct challenges,
including limited cycling infrastructure, safety concerns in mixed traffic environments,
and nascent bike-sharing systems. These contextual factors influence both the design
of SP experiments and the realistic assessment of cycling’s potential within integrated
mobility offerings.

Traditionally, SP surveys have relied on presenting respondents with hypothetical
scenarios using tables of information to convey attributes of alternatives that are static
among all participants. However, this approach becomes unwieldy when investigating
complex new mobility services like MaaS that involve multiple modes and attributes [25].
Furthermore, conventional SP surveys often suffer from limitations related to realism,
response bias, validity, and efficiency [26,27]. Context-aware SP surveys have emerged as a
promising methodology to address these limitations [28]. For instance, the Future Mobility
Survey platform demonstrates how GPS data from smartphones can be used to accurately
capture revealed preference travel patterns, which then inform the design of hypothetical
SP choice experiments [9]. Context-aware surveys can leverage web services like Google
Maps to obtain accurate baseline times and distances for different modes between origins
and destinations [25]. This provides a foundation for generating hypothetical scenarios
that remain credible to respondents relative to their actual travel patterns.

2. Materials and Methods
2.1. RP Household Travel Survey System

After a considerate review of the literature and recognizing the increasing ubiquity
of smartphones and the potential for more accurate and less burdensome data collection,
a smartphone-based travel survey that silently collects data in the background of the
participants’ mobile phone, the “Itinerum Platform”, was considered as a primary option.
This aligns with the growing trend in transportation research towards leveraging mobile
technologies for travel surveys. Itinerum is an open-source smartphone-based travel survey
system able to facilitate the collection, processing, and analysis of travel behaviour data. The
platform has been used in various large-scale studies, including transportation behaviour
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research, public transit planning, and health geography [29]. The selection of Itinerum
followed a systematic evaluation of available smartphone-based travel survey platforms.
Several open-source alternatives were assessed, including MEILI [30], TABI [31], and other
minor platforms. However, most options presented significant technical barriers, whether
system compatibility issues and implementation complexity or outdated dependencies and
incomplete documentation, despite their successful deployment in other contexts.

The Itinerum platform consists of two main components: the web platform and
the smartphone app, which work in conjunction to enable survey customization, data
collection, and real-time monitoring. As part of the system testing, the Android version
was configured to point to our server, where the backend was hosted, and the APK was
dispatched to focus group participants. A set of survey questions was incorporated into the
system that appeared to the users to collect data on personal, household, and employment
information. The system passively collects GPS trajectory data and prompts the user upon
each stop to answer questions about trip mode and purpose. As seen in Figure 2 below, the
data collected provided very detailed information on the users’ travel diaries.

 

Figure 2. Itinerum collected travel diaries.

Unfortunately, in reference to the questions about the trips in the travel diary, the focus
group response started fading out, leaving a gap in the data. The participants had serious
worries regarding the collection of their trajectory and precise follow-up of their travel
patterns, meaning they did not accept the consistent passive tracking of their activity to such
a great extent, despite the fact that huge emphasis was put on the privacy consideration
given to the data collected and the anonymization of the data before analysis.

This feedback coincides with the findings of other researchers. Safi et al. [32] expressed
that while these integrated systems streamline the survey process, challenges still persist,
specifically in trip identification and travel mode detection. They mentioned privacy
concerns of participants as a core limitation, as no one is interested in being tracked
during their daily life. Additionally, battery depletion has been considered a serious
concern because GPS services consume the battery of mobile devices, which leads to
reduced participation rate and non-responsiveness of the study. This situation mandated
considering another solution, which could be more convenient to users and aligns with
their freedom of choice to declare or hide certain information.
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As an alternative to the smartphone-based travel survey system, which was deemed
not to be favorable for the survey respondents in the focus group, the web-based travel
survey system came as an intermediate option. It is more convenient than paper-based
surveys and provides a better approach to privacy from the respondents’ point of view
when compared to smartphone-based systems [33,34]. Greaves et al. [22] noted that while
smartphone integration can enhance data quality, technical issues and varying device com-
patibility can create barriers for some participants, supporting the rationale for maintaining
web-based alternatives. This approach directly addresses these limitations by eliminating
device-specific technical barriers while maintaining cross-platform accessibility. Browser-
based implementation circumvents battery drain concerns, device compatibility issues, and
app installation resistance, while providing the interactive features demonstrated as crucial
for high completion rates.

2.1.1. Survey Design and Structure

Designing an efficient household travel survey requires a careful balance between
methodological precision, respondent involvement, and practical execution. The process
must ensure accurate and reliable data assembly while minimizing respondent burden
and boredom. One of the most comprehensive guidelines available is “The On-Line
Travel Survey Manual,” developed by the Transportation Research Board’s (TRB’s) Travel
Survey Methods Committee (ABJ40) [35]. The manual incorporates decades of research and
experience, providing comprehensive guidance on designing and executing various types of
travel surveys, including household surveys, and emphasizes the importance of data quality
and sampling methods. In parallel, the 2019 Puget Sound Regional Household Travel
Survey, conducted by the Puget Sound Regional Council (PSRC) [36], exemplifies a practical
application of household travel survey methodologies. These two authoritative resources
served as the basis for the survey’s structure, design, and implementation. Appendix A
contains the full set of questions used in the survey.

The survey system is designed with a clear and logical flow to enhance user experience
and ensure the completeness of responses, collecting demographic information, travel
behaviour data, and location-based data. Questions that required writing and manual
input were kept to a minimum, with most questions structured with predefined response
values to ensure consistency and facilitate data analysis. Survey development involved
a two-phase mixed-methods strategy, initial focus groups with 10 participants to refine
questions, followed by pilot testing and revisions. A couple of iterations were needed to
fine-tune the overall structure, making sure the language used and the required information
are straightforward, and that the overall survey length is within 30 min or less. The user
interaction flow is divided into the following stages:

• Welcome, Demographic and Household-Related Questions (Figure 3a).
Participants are introduced to the survey’s informational content, purpose, and a call-
to-action encouraging participants to proceed. Users then fill out questions distributed
in three categories:

o Personal and Household Information

- Basic demographic data collection;
- Household composition and vehicle ownership;
- Socioeconomic indicators.

o Residence, Employment, and Commute Information

- Current residence characteristics;
- Employment status and workplace information;
- Commuting patterns and preferences.
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o Shopping or Errand Trip Purpose Locations

- Frequent destination mapping.

(a) (b) 

Figure 3. (a) The welcome and socio-demographic questions pages; (b) the travel diary page.

• Travel Diary and Location Mapping (Figure 3b)

Users are asked to log their trips over a specific travel date of their choice. This part
needed to be interactive to ensure the data provided is accurate and that respondents did
not feel burdened to fill in the required information. The user started by labelling their
home as the first origin in their travel day where the system dynamically adds a new trip
attribute fields each time the user adds a point to the map, and the user is prompted to
enter the trip start and finish times, the mode, purpose, accompanying persons, etc., using
assisted means such a drop-down menus with predefined inputs; and even enable the
analysis of the outcomes later on. This data collection methodology seemed to work out
fine for the focus group respondents, balancing the level of information required with their
privacy concerns while keeping the travel diary input interactive, dynamic, and interesting
enough to keep them engaged throughout the survey.

• Feedback and Submission

Participants are given the opportunity to provide feedback on the survey experience
before final submission. A “Thank You” page is displayed upon successful completion.

2.1.2. Technical Solution Description and Features

The RP household travel survey system was custom-developed as a web-based system,
especially tailored to study the activity and travel behaviour of households within a certain
metropolitan area. The system is designed to efficiently collect, store, and process data
through an interactive and friendly interface. The system architecture follows a three-tier
model consisting of a presentation layer, application logic layer, and data management
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layer. The modular design and architecture support scalability, allowing for the integration
of additional survey modules or datasets as needed and ensuring the system can be adapted
to different surveying purposes with minimal configurations. The technical breakdown of
the architecture is as follows:

• Front-End (Presentation Layer)

The front-end interface is developed using HTML5, CSS3, and an Embedded JavaScript
(EJS) templating engine for dynamic front-end rendering and responsive user interaction,
and Vanilla JavaScript for client-side interactions. The CSS employs a clean and modern
design, employing a custom stylesheet. The system has a responsive design that ensures
compatibility across devices, including desktops, tablets, and smartphones. To boost user
experience, user-friendly forms have been deployed that constitute interactive elements
and input forms such as input fields, drop-downs, radio buttons, and checkboxes styled for
easy navigation and interaction, while tooltips give additional guidance.

• Backend (Application Logic Layer)

The backend is built using Node.js for asynchronous processing and scalability. The
Express.js framework provides a robust structure for routing and middleware handling.
The system has a set of routing modules to manage different survey stages, along with
a middleware to ensure data consistency and handle errors gracefully. RESTful API
endpoints were implemented for data submission, with unification of the Google Maps
API for geolocation and search functionality, and location-grounded inputs.

• Database (Data Management Layer)

The relational database is implemented using MySQL database, which provides secure
and reliable storage of survey responses, with structured tables for storing user profiles,
household data, and trip-specific information.

2.2. Context-Aware SP Survey System

As discussed earlier, SP surveys present respondents with hypothetical scenarios,
asking them to make choices among different options. In a context-aware design approach,
this shall ensure the relevance of the hypothetical scenarios to the respondents’ real-life
circumstances and constraints; however, further considerations are primary in the survey
design. It should also consider the local context and available transport options. In develop-
ing cities where informal transport plays a notable role, the survey design needs to account
for these modes and their potential inclusion into MaaS systems. Additionally, the built
environment characteristics and spatial configuration of the study field should be consid-
ered as they can influence both current travel behaviour and potential MaaS adoption [37].
The experimental design should also consider psychological factors and attitudes toward
technology adoption, as these have been shown to influence MaaS acceptance [38]. Survey
presentation is another crucial aspect. Traditional table-based presentations could be re-
placed with more intuitive interfaces that mimic trip-planning software, reducing cognitive
burden on respondents [25]. The survey should also encompass clear explanations of the
MaaS concept, either through textual descriptions or visual aids such as short videos [39].

The survey utilized in this study is designed to adapt the questions to be contextually
relevant to each participant. In the survey, each user selects their trip origin (in most cases,
their home location), and the destination for all participants is a specific point in the New
Administrative Capital, fixed, and accordingly, the system generates relevant and tailored
hypothetical scenarios. This approach enhances the realism and relevance of the survey
for each participant by grounding hypothetical choices in real-world behaviour, as the
travel time, costs, and available modes are dynamically generated and specific to their
chosen origin, providing realistic mode choices that are available from the respondent’s
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origin based on the actual data of the transportation system in Cairo. This makes the
survey more meaningful, and respondents are more likely to engage with the survey and
provide thoughtful responses because the scenarios feel directly applicable to their daily
travel context. The survey enhances the external validity of SP responses and improves
the standard of the data collected because participants can better relate to the choices
presented, and helps capture realistic trade-offs people would make in real life, and reduces
hypothetical bias, leading to more accurate data.

2.2.1. Survey Design and Structure

As per Matyas & Kamargianni [23], the survey structure should generally consist of
multiple components:

• Pre-survey questionnaire capturing socio-demographic data and current mobility
patterns.

• Introduction to the MaaS concept and features.
• SP choice experiments with varying bundle compositions and attributes.
• Attitudinal questions to capture psychological factors.
• Post-choice questions to understand decision-making processes and potential barriers

to adoption.

Following in their footsteps, the pre-survey questionnaire in our case corresponds to
the household travel survey discussed earlier, which captures a decent set of information
enabling a full understanding of the participant’s background and current travel behaviour.
In the current context-aware SP survey for testing people’s perception of MaaS concept im-
plementation, particularly considering the rapid urban development and new transit modes
under implementation, the participants were guided through seven sections following a
logical user journey. Refer to Appendix A for the full set of questions incorporated.

First, the survey begins with an introduction to the “Cairo MaaS Study”, outlining
the purpose and importance of the research. The briefing explains the study’s focus while
emphasizing the significance of participants’ input in understanding commuter needs and
improving transportation planning. The second section presents key statistics and trivia
about Cairo’s extensive public transportation network, educating the participants about the
existing and upcoming transportation options and providing context for the subsequent
survey questions.

The participant is then guided to select their home location on an interactive map,
which dynamically sets a trip to the New Administrative Capital. The map functionality
integrates Google Maps API, enabling participants to interact with Cairo’s urban geography.
The system does not generate any trip options until the user chooses their home location
on the map and clicks the “Show Trip Options” button, as shown in Figure 4a. As said, this
feature is critical for simulating real-life trip calculations, as it provides relevant context for
the participant, ensuring that the survey captures realistic spatial data for personalized trip
simulations and geographic precision for origin-destination analysis.

Thereafter, three sections are dynamically deployed to provide a scenario generation
framework that implements a sophisticated choice modeling approach, which system-
atically varies travel attributes while maintaining realistic constraints based on Cairo’s
transportation network characteristics. Each option is displayed with detailed travel in-
formation and visual maps. As shown in Figure 4a, participants are asked to select their
preferred mode, establishing a baseline for their existing travel preferences from an actual
real-life perspective, meaning the information provided for public transportation options,
travel time, or fare, is based on the currently available and future transportation projects
data, and considering a multimodal trip planning approach. Car travel costs are calculated



Sustainability 2025, 17, 8500 10 of 29

considering the total cost of ownership at 2.3 EGP/km, which considers fuel consumption
and cost, vehicle depreciation, maintenance costs, etc.

(a) (b) 

Figure 4. (a) Real-life trip options; (b) hybrid travel scenarios: ride-hailing, and park and ride cases.

The section “Travel Scenarios” introduces a set of hypothetical travel scenarios to
assess behaviour under varying conditions. Relevant to the “Real-life trip options”, four
cases are presented as variants in the range of ±25%, each adjusting transit and car options
in terms of travel time and travel costs based on values. Participants are asked to choose
the more convenient option for each case. This evaluates the sensitivity of their mode
choice to time and cost changes and helps identify potential policy levers for encouraging
behaviour shifts.

The fifth section, “Hybrid Travel Options,” explores participants’ preferences for in-
termodal (integrated) travel options, progressively combining multiple modes in a single
trip. The study implements seven distinct hybrid travel scenarios, five focusing on travel
mode selection based on travel only considerations and one travel scenario focuses on
participant’s preference when choosing between last mile connectivity options, where each
case is presented as a row of options, with detailed information on time and cost for each
mode based on attributes defined in Table 1 and as displayed in Figure 4b. The specific
logic for hybrid options involves systematic attribute variations to simulate realistic multi-
modal trade-offs in Cairo’s fragmented network, while incorporating non-travel factors to
test broader behavioral drivers like environmental awareness. This scenario generation
framework enhances methodological rigor by grounding hypotheticals in participants’
real-world contexts, thereby reducing hypothetical bias and improving external validity, as
recommended in context-aware SP literature [26–28].

Participants are asked to choose their preferred option for each case. This section is
critical for examining the appeal of MaaS solutions and their potential to replace traditional
travel modes. Two other travel scenarios focus on testing the influence of other non-travel
parameters on travel mode choice:
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• Environmental Impact: Comparing CO2 emissions for transit (36 gm/min) and car
options (230 gm/min).

• Calories Burned: Estimating physical activity contributions from cycling-transit (280 calo-
ries) combinations and comparing them to Ride-hailing and transit (50 calories).

Table 1. Hybrid travel scenarios attribute definition.

Section Component Time Share Cost Structure Additional Notes

RIDE-HAILING Ride-hailing 1× base car time 2.125× base car cost Primary transport mode

PARK-AND-RIDE

Private Car 0.4× base car time 1× base car cost Part of the main journey and
access to the transit hub

Parking - Fixed rate fee Facility charges

Transit 0.55× base transit time Regular transit fare Main journey component

RIDE-HAILING + TRANSIT
Ride-hailing 0.4× base car time 2.125× base car cost Secondary journey

component (First/last mile)

Transit 0.55× base transit time Regular transit fare Main journey component

CYCLING + TRANSIT
Cycling 20 min Bike share fee First/last mile access

Transit 0.8× base transit time Regular transit fare Primary transport mode

LAST MILE
CONNECTIV-

ITY

RIDE-HAILING
+ TRANSIT

Ride-hailing 0.15× base car time 2.125× base car cost First/last mile access

Transit 1× base transit time Regular fare Primary transport mode

CYCLING +
TRANSIT

Cycling 20 min Bike share fee First/last mile access

Transit 1× base transit time Regular transit fare Primary transport mode

In the context of MaaS, a core part of the concept involves various mobility packages
with different attributes, such as included modes, prices, and additional features. The
bundles should incorporate public transport as a backbone, supplemented by shared
mobility services like car-sharing, bike-sharing, and ride-hailing, with various subscription
lengths and pricing models [37]. MaaS bundles offer great potential for MaaS adoption and
scalability, especially considering their exceptional ability to offer personalized plans based
on learning each user’s travel behaviour patterns. To test people’s acceptance, participants
are presented with a detailed table of MaaS subscription bundles, showcasing various
packages tailored to different travel needs. Seven bundle packages were carefully designed
relevant to the revealed preference data, as detailed in Figure 5. Participants were prompted
to select the bundle that best fits their travel requirements, highlighting their willingness to
pay for MaaS services.

 

Figure 5. MaaS bundle options.
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The bundles were designed to reflect Cairo’s travel needs, drawing from focus group
inputs and thoughts on spending patterns and mode usage, with public transport as the
core supplemented by shared services. Pricing strategies adapt lessons from the Sydney
MaaS trial [40], offering monthly/weekly subscriptions and PAYG models to accommodate
economic variability and promote adoption. For example, premium bundles like Super
Traveler provide flexible credits and transferability, while Explorer options target budget-
conscious users. Bundle design is inherently iterative, necessitating field trials to optimize
parameters like personalization and elasticity in Cairo’s context.

The final section includes a comprehensive set of attitudinal and behavioural questions,
formatted with clear answer options, including Likert scales and binary choices, ensuring
ease of response:

• Perceptions of Shared Mobility:

o Willingness to use carpooling or bike-sharing systems.
o Importance of reliability, comfort, and freedom in transportation decisions.

• Public Transportation Attitudes:

o Impact on independence and social image.
o Preference for private vehicles in multi-trip scenarios.
o Willingness to use public transit if availability, reliability, or mobile integration

improves.

• MaaS Adoption Factors:

o Influence of ticket-parking integration on MaaS adoption.
o Sensitivity to fuel cost increases and comprehensive trip planning tools.

• Relocation to the New Administrative Capital:

o Willingness to relocate and perceptions of transportation developments in the
area.

• Awareness of Cairo’s Transportation System:

o Knowledge of formal/informal systems and new modes being implemented.

The survey concludes with a ‘Submit” button, which saves participant responses to the
database. The system provides real-time feedback upon successful submission, ensuring
participants are informed about the completion of their input.

2.2.2. Technical Solution Description and Features

The MaaS SP survey application is built on a robust technical architecture that com-
bines modern web technologies and a scalable backend infrastructure, designed to ensure
seamless integration of map-based inputs, travel option simulations, and survey logic
to capture nuanced travel behaviours. The system provides seamless functionality and
real-time responsiveness. Its technical implementation can be broken down into three
primary layers:

• Front-End (Presentation Layer)

The front-end of the application is developed as a web-based system using HTML,
CSS, and JavaScript, with a focus on responsiveness and user experience. The application
employs the Google Maps JavaScript API to allow users to select their home location on an
interactive map, which serves as the origin point for trip scenarios. Additionally, Google
Places API is utilized to provide search capabilities for landmarks or addresses, enhancing
user convenience. OTP is embedded inside the interface using an iframe to view trip
details. Dynamic behaviour on the front-end is enabled through JavaScript event handling,
ensuring that user actions, such as selecting trip options or submitting survey responses,
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are captured and processed efficiently. The front-end also integrates third-party libraries
for styling and layout, providing a visually appealing and intuitive user interface.

• Backend (Application Logic Layer)

The backend of the application is built using Node.js with the Express.js framework.
This architecture facilitates efficient request handling and ensures scalability for multiple
concurrent users. The backend serves multiple purposes, including delivering static assets
(HTML, CSS, and JavaScript files), managing API requests, and handling survey data
submissions. The backend processes user responses and stores them in a relational database;
it also handles API calls to external services. Upon receiving user inputs, the backend
organizes the data into structured formats suitable for database storage. This includes trip
attributes (e.g., travel time and cost), user preferences, and survey responses.

• APIs and External Integrations
The system leverages multiple external APIs to enhance its functionality:

o Google Maps JavaScript API and Google Directions API: Enable interactive
map functionality for origin selection, and display the origin-destination route
along the map.

o Google Places API: Facilitates location search and geocoding.
o OTP API: Simulates multimodal trip planning by generating data for transit

and car travel comparisons.

This integration of multiple APIs ensures that the system provides real-world trip
data, enhancing the realism and reliability of the SP survey.

• Database (Data Management Layer)

The application uses a MySQL relational database to store structured survey data. The
database schema is designed to accommodate a wide range of attributes and is connected
to the backend using the MySQL Node.js driver, enabling secure and efficient data inser-
tion. Additionally, SQL queries are optimized to handle large datasets, supporting future
scalability for broader survey deployment.

2.2.3. Open Trip Planner (OTP)

To simulate real-world travel scenarios, the MaaS SP survey integrates Open Trip
Planner (OTP-V2.3.0), an open-source, multimodal trip planning tool that serves as the
backbone for route generation and travel data simulation. It employs a modified routing
algorithm that optimizes trips based on multiple criteria, including travel time, transfers,
and walking distance, to identify optimal journeys through complex transit networks. OTP
utilizes OSM data to create a detailed street network to model car, cycling, and walking
routes, and GTFS data to provide accurate routing information, taking into account various
modes of transportation. The software has been validated in numerous urban contexts and
academic studies [40,41], showing strong correlation with real-world travel times in similar
transit environments.

OTP’s REST API endpoints were configured to accept routing requests from the main
application. The API was pre-configured with all the trip attributes required by OTP to
provide a response. The user selects their home location on the interactive map, which
provides coordinates as input. The application generates routing requests for different
modes of transportation and computes the optimal route based on the specified parame-
ters, and then returns a detailed JSON response containing the itinerary details and cost
estimates. The integration of OTP not only enhances the technical depth of the survey
application but also ensures that the travel scenarios presented to users are grounded
in realistic and context-specific transportation data. This realism is crucial for eliciting
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reliable stated preferences and understanding the potential behavioural shifts associated
with MaaS adoption.

2.2.4. Cairo Public Transportation System GTFS Data

Developing comprehensive General Transit Feed Specification (GTFS) data for Cairo
was a significant undertaking. While some existing GTFS data might be available, it often
lacks completeness. For instance, Transport for Cairo [42] has some GTFS files for public
buses and metro lines with a decent representation of informal transportation modes, yet
incomplete. Multiple GTFS files from different sources were compiled, while cleansing
and filling the gaps in all existing data on formal and informal transport. Further, GTFS
data for all new public transportation lines undergoing implementation were developed,
including Monorail lines, LRT lines, Metro line 4, and Ring Road BRT. Data was collected
from different sources, such as maps, schedules, fare structure, or even scraped timetables
for existing lines. This process involved digitizing routes and stations, utilizing tools like
AutoCAD (2018 V22.0) and Google Earth (V7.3.6), and using GTFS Manager (V3.4.4) to
create and validate the necessary GTFS files.

2.3. System’s Robustness and Limitations

The Node.js backend, powered by Express.js, utilizes asynchronous event-driven
processing for handling concurrent user and API requests, with built-in middleware pro-
viding centralized error handling that logs issues and provides fallback responses, such
as retry mechanisms to maintain user session continuity. This setup supports real-time
responsiveness for dynamic elements like map-based origin selection and OTP-embedded
trip simulations via iframes, while the modular design allows for independent scaling of
components such as GTFS data integration. The system minimizes downtime by gracefully
managing system crashes from invalid inputs or database failures, while the modular
routing allows for isolated updates without affecting the entire system.

For data security, all form submissions are processed over secure connections. No
personally identifiable information is stored beyond what’s necessary. Respondents are
prompted to optionally enter their personal information, such as names, emails, and
phone numbers, complying with basic GDPR-inspired principles for anonymized analysis.
Data is encrypted at rest and sanitized using parameterized MySQL queries to prevent
injection attacks. Prior to deployment, comprehensive testing was conducted (considering
500 concurrent users), including unit tests for backend routes, integration tests for API
chains, and load testing with simulated high-traffic scenarios, and pilot runs with a subset
of users to validate GTFS data accuracy and iframe-based OTP displays.

Potential limitations of the technical architecture include Node.js’s single-threaded
model, which could lead to performance issues under extreme loads. Moreover, MySQL’s
handling of large JSON responses from OTP, iframe integration risks like cross-origin issues,
and dependency on third-party APIs (like Google Maps, which could introduce latency,
downtime, or APIs’ rate limits, and OTP’s reliance on accurate GTFS/OSM data, which
could introduce inconsistencies in Cairo’s informal transport context. No major technical
failures were reported during the survey rollout, though future iterations could involve
microservices architecture for even greater modularity in handling multimodal simulations
and further incorporating containerization for even greater scalability.

3. Results and Discussion
3.1. Descriptive Analysis of Survey Data

The consolidated dataset, derived from the RP household travel survey and the
context-aware SP survey, administered to 313 participants, provides a multifaceted view of
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Cairo commuters’ socio-demographic profiles, current travel behaviors, and prospective
preferences under MaaS scenarios, particularly in the context of the New Administrative
Capital. Data validation steps included automated checks for logical consistency and
exclusion of outlier entries. Descriptive statistics, including means, standard deviations,
minima, maxima, and categorical distributions, are derived from the dataset to provide
insights into participant profiles and travel patterns (Table 2). Percentages are calculated
based on the total sample, facilitating a nuanced reflection on how MaaS might influence
commuter behavior in Cairo’s congested transport landscape. This section details some of
the results obtained and provides a reflection on the participants’ demographics and their
current travel patterns as revealed through the household travel survey. Furthermore, brief
insights drawn from the responses to the MaaS SP survey are presented as well.

Table 2. Input features and statistical distribution of survey data.

Categorial Features Feature Code Feature Type
Statistical Distribution

Mean SD Min. Max. Category Encoding and % Share of
Each Category

RP HOUSEHOLD TRAVEL SURVEY

Personal and socio-demographic

Participant age A Scale 31.9 6.9 18 51

Driver license DL Nominal Yes: 279, No: 34

Education level EDU Ordinal High school: 21, University degree: 233,
Master’s/PhD: 59

Employment type EMP Nominal Full-time: 277, Student: 21, Self-employed: 13,
Not employed: 1, Part-time: 1

Participant gender G Nominal Male: 195, Female: 118

Personal income PINC Ordinal
<36 k: 4, 36 k–60 k: 5, 121 k–240 k: 98,

241 k–500 k: 100, 501 k–1 M: 48, 61 k–120 k: 42,
>1 M: 16 (in EGP/year)

Frequency of commuting to work WCF Ordinal <3 days/week: 5, 4 days/week: 2,
5 days/week: 296, 6–7 days/week: 10

Work location WL Nominal One work location: 251, Various locations: 55,
Work at home: 5, Driver/sales: 2

Household and residence

Children in the household CHH Nominal None: 65, 1 Child: 145, 2 Children: 69,
3 Children: 26, 4 Children: 8

Household income HHINC Ordinal
36 k–60 k: 6, 61 k–120 k: 38, 121 k–240 k: 101,

241 k–500 k: 100, 501 k–1 M: 50, >1 M: 18
(in EGP/year)

Household size HHS Nominal 1 Person: 14, 2 People: 53, 3 People: 142,
4 People: 68, 5 People: 28, 6 People: 8

House ownership HO Nominal Rent: 166, Own/paying mortgage: 147

Vehicles in the household VHH Nominal No vehicles: 19, 1 Vehicle: 201, 2 Vehicles: 75,
3 Vehicles: 17, 4 Vehicles: 1

People working in a household WHH Nominal 1 Person: 146, 2 People: 164, 3 People: 3

Commute and travel diary

Average distance to
shopping location ASD Scale 22.9 13.4 5 61

Current average cost of travel to
work (EGP) CCW Scale 59.3 45.5 5 360

Current average time to work (mins) CTW Scale 37.9 23.6 5 165

Monthly transportation spending MTS Scale 2915.7 1633.4 500 9000

Travel diary total trips cost TDC Scale 82.9 58.7 0 480

Travel diary total trips distance TDD Scale 59.3 36.6 1 241

Travel diary total trips time TDT Scale 91.0 54.4 10 345

Usual mode of commute MC Nominal Car: 253, Public transit: 26, Ride-hailing: 22,
Carpool: 12
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Table 2. Cont.

Categorial Features Feature Code Feature Type
Statistical Distribution

Mean SD Min. Max. Category Encoding and % Share of
Each Category

CONTEXT-AWARE SP MAAS SURVEY

Future preferred mode of commute FMC Nominal
Car: 107, Park and ride: 79, Ride-hailing and
transit: 75, Transit: 28, Cycling and transit: 22,

Ride-hailing: 2

MaaS bundle choice MB Nominal
Super traveler: 152, Frequent rider: 78, PAYG:

49, Mover (Metro): 27, Explorer (Bus): 4,
Mover (Bus): 2, Explorer (Metro): 1

NAC trip parameters

Cost of travel to work by car NCWC Scale 137.6 47.8 46 254

Cost of travel to work by cycling
and transit NCWCT Scale 38.6 10.9 10 65

Cost of travel to work by park
and ride NCWPR Scale 103.7 28.5 39 177

Cost of travel to work by
public transit NCWP Scale 33.6 10.9 5 60

Cost of travel to work by
ride-hailing NCWR Scale 292.4 101.7 98 540

Cost of travel to work by
ride-hailing and transit NCWRT Scale 150.6 49.6 45 276

Time to work by car NTWC Scale 52.8 12.2 31 89

Time to work by cycling and transit NTWCT Scale 107.5 24.4 62 199

Time to work by park and ride NTWPR Scale 81.3 20.4 44 136

Time to work by public transit NTWP Scale 109.4 30.5 52 224

Time to work by ride-hailing NTWR Scale 52.8 12.2 31 89

Time to work by ride-hailing
and transit NTWRT Scale 81.3 20.4 44 136

Travel distance (km) TD Scale 58.9 22.0 20 108

Attitudinal and psychological factors

Bikesharing convenience BSC Ordinal
Very convenient: 17, Somehow convenient:
122, Neutral: 130, Slightly inconvenient: 30,

Not convenient: 14

Car dependability CD Ordinal
Very convenient: 49, Somehow convenient: 45,

Neutral: 52, Slightly inconvenient: 31, Not
convenient: 136

Carpooling safety CPS Ordinal
Very convenient: 34, Somehow convenient:
157, Neutral: 109, Slightly inconvenient: 8,

Not convenient: 5

Transportation mode comfort TMC Ordinal
Very convenient: 93, Somehow convenient: 51,

Neutral: 43, Slightly inconvenient: 99, Not
convenient: 27

Transportation mode reliability TMR Ordinal
Very convenient: 102, Somehow convenient:
48, Neutral: 54, Slightly inconvenient: 100,

Not convenient: 9

Environmentally concerned ENVC Ordinal Yes: 11, No: 263, Maybe: 39

Health motived HEAM Ordinal Yes: 54, No: 259

Information availability motive IA Ordinal Yes: 207, No: 106

Information on new modes of
transportation to NAC NTMNAC Ordinal Yes: 198, No: 115

Trip planning availability motive PA Ordinal Yes: 132, No: 181

Public transit ticket as a park and
ride parking ticket PRPT Ordinal Yes: 241, No: 72

Public transit availability and
reliability motive PTAR Ordinal Yes: 255, No: 58

Public transit extensibility in Cairo PTEX Ordinal Yes: 129, No: 184

Private fuel cost is a motive to use
public transit PTFC Ordinal Yes: 192, No: 121
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Table 2. Cont.

Categorial Features Feature Code Feature Type
Statistical Distribution

Mean SD Min. Max. Category Encoding and % Share of
Each Category

Public transportation
independability PTI Ordinal Yes: 279, No: 34

Public transit use in the case of
MaaS bundles PTMAAS Ordinal Yes: 210, No: 103

Public transportation public image PTSI Ordinal Yes: 157, No: 156

Private vehicles on multiple trips PVMT Ordinal Yes: 85, No: 228

Living in NAC RHNAC Ordinal Yes: 172, No: 141

Living in NAC if working in NAC RHWNAC Ordinal Yes: 168, No: 145

Relocating work to NAC RWNAC Ordinal Yes: 166, No: 147

Public transportation use with a
unified mobile app UMA Ordinal Yes: 119, No: 194

Note: SD = standard Deviation, Min. = minimum, Max. = maximum.

3.2. Personal, Socio-Demographic, and Household Characteristics

The study encompasses a diverse sample of participants. Key socio-demographic
insights reveal a predominantly young, educated, and employed cohort, predominantly
representing young to middle-aged professionals in urban environments. The age distri-
bution reveals a concentration in the economically active population (early- to mid-career
individuals), with a mean participant age of 31.9 years (SD = 6.9, range = 18–51). Gen-
der distribution skews male, with 195 males (62.3%) and 118 females (37.7%). Figure 6
demonstrates the participants’ gender and age group distribution. The majority of the
survey participants were highly educated, more than 74% are university-educated, a higher
proportion compared to the general population.

1%

12%

21%

3%

1%

22%

29%

10%
1%

Less than 20 21−30 31−40 41−50 Greater than 50

Female Male 

Figure 6. Participants’ gender and age group distribution.

Household dynamics reveal family-oriented structures, with household size averag-
ing three or more persons, with the majority (68%) having one or two children, and 20%
report none. Most households have two working partners (52%), with work locations
predominantly fixed (80%) and minimal home-based or mobile work (2%), and almost all
participants commuted to work 5 times per week (95%). The economic profile of partici-
pants reveals significant income variation, with the largest segment (64%) earning between
121 K and 500 K EGP annually, with extremes at <36 K (1%) and >1 M (5%). Housing
patterns among participants reflect relative economic stability, with 47% owning their
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residences and 53% being renters. The predominant housing type is apartments, account-
ing for 76% of residences, with an average size of 149 square meters. Vehicle ownership
patterns demonstrate high automobile dependency, with 94% of households owning at
least one vehicle. Driver’s license possession is widespread (89%), mostly dominated by
male participants (58%) over females (30%). The sampling strategy deliberately targeted
car-dependent residents with higher education levels, income, and digital literacy. As
a pilot study with a convenience sample size of 313 participants, while this approach
may limit generalizability to the broader Greater Cairo population, it provides adequate
representation for preliminary insights into potential mode shifts among high-potential
MaaS adopters, consistent with sample sizes in exploratory SP research [23,38].

3.3. Travel Patterns and Behavioral Analysis
3.3.1. Modal Split and Transportation Preferences

Comprehensive analysis of the survey data suggests a significant preference for private
vehicles among Cairo commuters. Private car usage dominates the modal split, particularly
among higher-income households, despite key economic and time-related trade-offs. This
aligns with the challenges outlined regarding Cairo’s transportation landscape, where,
despite an extensive public transport network, car dependency remains embedded. As
evident in Figure 7, the modal distribution data indicate that approximately 81% of trips
are made by private vehicles, with public transportation accounting for roughly 8% of trips,
and ride-hailing services at 7%.
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10%

20%

30%
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20

20−30 30−40 40−50 Less than
20

20−30 30−40 40−50 Greater
than 50
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Car Carpool/vanpool Transit Ride-hailing

Figure 7. Modal share (usual means of commuting to work) by gender and age group.

3.3.2. Travel Time and Distance Patterns

Daily travel patterns show great variability by time and distance. The average daily
commute to work is 38 min per direction (SD = 23.6, range = 5–165). The largest percentage
of commuters (approximately 26%) spend 30–40 min traveling to work in each direction,
about 20% have a 20–30 min commute, while 16% spend 40–50 min. Regarding distance
traveled, the average work trip distance is 26 km, with a range of 1–102 km per direction.
Most commuters live relatively close to their workplace, with 39% of participants in the
10–20 km range and approximately 15% commuting less than 10 km. Total daily travel time
averages 91 min, ranging from 10 to 345 min, at an average distance of 59 km (SD = 36.6,
range = 1–241). The average distance to shopping locations was 23 km with a median
of 18 km (SD = 13.4, range = 5–61); thus, there is a fair reliance on private vehicles for
non-work trips, underscoring sprawling urban patterns amenable to MaaS optimization.
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3.3.3. Economic Dimensions of Travel Behavior

The average daily transportation expenditure for participants stands at 83 EGP per
day (SD = 58.7, range = 0–480), with the bulk of this amount (74 EGP) attributed to direct
travel costs. Whereas the average daily commuting cost to the workplace is 59 EGP
(SD = 45.5, range = 5–360), around 70% of the total travel cost per day. The maximum
daily transportation cost reported by participants reaches 480 EGP; however, a minor %
only showed such very high elevated costs. The availability of parking at the workplace
significantly influences travel mode choices; 50% of participants have on-street parking.
Furthermore, 71% of participants do not pay directly for parking, subsidizing car use and
thus potentially discouraging the use of alternative modes. Additional expenses include
parking fees averaging 26 EGP and toll charges averaging 19 EGP daily; median values are
not much different.

3.4. Predicted Modal Shift Under Variations to Travel Patterns and Modal Integration

A core part of the parameter of the MaaS travel survey revolves around being relative
to participants’ home location and hence providing a personalized mode choice experience,
being a context-aware SP survey. Accordingly, a comparison of the travel time, distance,
and cost between the existing participants’ situation and the future scenario considering a
work location in the New Administrative Capital becomes mandatory. The results demon-
strated under the hybrid scenarios section, progressively elaborating to introduce more
mode choices, somehow demonstrate an opportunity for balanced mobility solutions. The
combination of ride-hailing services with public transit appears to be particularly appealing.
Some were interested in combining cycling with transit, thus showing potential for diverse
multimodal solutions. Figure 8 presents the distribution of mode choice preferences, re-
vealing a strong preference for private cars (34%) among participants. This dominance is
followed by prospective preferences signaling openness to MaaS alternatives, with 25%
favoring park-and-ride options and 24% opting for ride-hailing integrated with transit.
Traditional transit-only options attract only 9% of commuters, while cycling combined
with transit shows limited adoption at 7%. The minimal utilization of ride-hailing alone
(less than 1%) suggests it functions primarily as a complementary service rather than a
standalone transportation solution, or when people are obliged to accept it since it is the
only mode relatively having the same travel time as the car, or whether it being the only
mode of choice available or for considerations such as comfort and safety. This distribution
highlights a transportation ecosystem where private vehicles remain central, but hybrid
approaches that combine the convenience of personal transportation with public transit
infrastructure are gaining considerable traction.
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Figure 8. Travel modes choice (hybrid travel options) by gender and age group.



Sustainability 2025, 17, 8500 20 of 29

4. Conclusions
This paper has presented the development of a comprehensive survey system com-

prising an RP household travel survey and an innovative context-aware SP survey focused
on the MaaS concept. The methodological framework, including the choice of survey
platforms, the design of the survey instruments, and the integration of real-world trans-
portation data, has been detailed. Preliminary insights from the 313-participant survey
reveal important insights into Cairo’s mobility landscape and MaaS potential. Despite
extensive public transport infrastructure, 81% of participants rely on private vehicles for
commuting, with 94% household vehicle ownership reinforcing embedded car-oriented
patterns. However, the context-aware SP results demonstrate substantial openness to
integrated mobility solutions: while private cars remain preferred (34%) for trips to the
New Administrative Capital, park-and-ride options attracted 25% of participants, and ride-
hailing integrated with transit appealed to 24%. The MaaS bundle analysis shows promising
acceptance, with 49% selecting comprehensive “Super Traveler” packages, indicating will-
ingness to pay for integrated services when properly packaged. Such findings on current
travel behaviour and preferences for integrated mobility services suggest the feasibility
and value of an integrated dual-survey approach that shall provide rich, policy-relevant
insights into current mobility patterns and the likely effects of MaaS. The methodological
innovations presented here offer a replicable model for other developing cities and rapidly
evolving urban environments, like Cairo, seeking to leverage digital tools for sustainable
mobility planning.

While this study provides foundational insights into MaaS acceptance factors and user
preferences in the Cairo context, future research will focus on further and detailed analysis
of the full-scale implementation of the survey system, and the development of behavioural
models to predict MaaS adoption. Moreover, it shall provide an extended analysis of how
these findings can inform specific transport policy measures and MaaS implementation
strategies for Cairo, translating the empirical results into actionable policy guidance for
transport authorities and service providers.

Limitations of the Current Study and Future Recommendations

During the study period, the fuel cost increased each quarter, and accordingly, car
ownership costs have increased, as well as those of different transportation means. More-
over, during this phase, the car prices and car parts prices have gone a lot higher. All
of which would impact the perception of the people taking the survey early compared
to those taking it later towards the end of the study period. Regarding OTP’s standard
implementation, it does not account for congestion effects on non-segregated transit modes,
including cars and buses operating in mixed traffic, potentially underestimating travel
times for these services. Moreover, SP scenarios, while context-aware, remain inherently
hypothetical and may not fully capture real-world decision-making complexity; pilot MaaS
implementations with behavioural monitoring, longitudinal studies, or VR/AR-based
simulations are recommended in future research.
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Table A1. RP Household Travel System Questions.

Question Potential Response

ID

Name

Email

Phone Number

Birth Date

Gender Male Female Prefer not
to answer

How many motor vehicles are
there in your household? Please
include all motor vehicles that
your household regularly uses

0 (no
vehicles)

1 (I am the only
one or someone
other than me)

2 3 4 5

Is any of these vehicles owned
in your household an electric or
hybrid vehicle

Yes No

Do you have a valid driver’s
license or permit Yes No

Does anyone in your household,
including yourself, have a
public transportation service
subscription (Metro, buses, etc.)

Yes No

How many total people
(including yourself) currently
live in your household? Please
include yourself, all other
adults, all children, all
roommates, and any household
help who normally reside with
you in your home

1 (I am the
only

person)
2 People 3 People 4 People 5 People 6 People 7 People 8 People 9 People 10

People

How many children do you
have? Please do not include
people who live away at school
or college

0 (No
children) 1 Child 2 Children 3 Children 4 Children 5 Children 6 Children 7 Children 8 Chil-

dren
9 Chil-
dren

10 Chil-
dren

How many people (including
yourself) in your household are
working
(full-time/part-time jobs)?

1 (I am the
only

person)
2 People 3 People 4 People 5 People 6 People 7 People 8 People 9 People 10

People
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Table A1. Cont.

Question Potential Response

How long have you lived at
your current residence?

Less than
a year

Between 2 and
3 years

Between
3 and

5 years

Between
5 and

10 years

Between
10 and

20 years

More than
20 years

Do you rent or own your
current residence?

Own/paying
mortgage Rent Provided

by a job
Prefer not
to answer Other

What type of place is your
current residence? Apartment Twin-house Standalone

villa

Dorm or
institu-
tional

housing

Other

Please indicate the area of your
current residence (meter square)

How much do you pay monthly
for rent in your current
residence? (in EGP)

If you have changed your house
location in the past 5 years,
please indicate the reason

Could no
longer

afford the
previous
residence
because of
an increase
in rent or
housing

costs

Could no
longer afford
the previous

residence
because of a

change in
income or
finances

Friends,
family, or
cultural
commu-

nity were
leaving

the area or
getting

closer to
them

Established
own

household

Moving
from a
rented

location to
a bought
location

Needed
more
space

Needed
less space

Employment
or com-
muting

considera-
tions (e.g.,
to take a

new job or
shorten

commute)

Access
to a dif-
ferent
school

Getting
closer to
the kids’
schools

Concerns
about

safety or
crime

Upgrade
to a

better
quality
home

Upgrade
to a

better
quality
neigh-

bor-
hood

Forced to
move out

(e.g.,
building
demol-

ished or
renovated,
asked to
leave by
landlord,
foreclo-
sure)

Other

What is your total annual
household income (from
all sources)?

Less than
36,000

Egyptian
pounds
per year

36,000–60,000
Egyptian
pounds
per year

61,000–
120,000

Egyptian
pounds
per year

121,000–
240,000

Egyptian
pounds
per year

241,000–
500,000

Egyptian
pounds
per year

501,000–
1,000,000
Egyptian
pounds
per year

More than
1,000,000
Egyptian
pounds
per year

How much do your household
members spend monthly on
transportation? (in EGP)

Do you have a smartphone?
Yes,

Android
phone

Yes, Apple
iPhone

Both
Android
phones

and Apple
iPhones

Yes, other
smart-
phone
type

No,
do/does

not have a
smart-
phone

If you have a smartphone, do
you usually have access to the
internet on your smartphone?

Yes No

Your current job title is
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Table A1. Cont.

Question Potential Response

Primary type of Employment

Employed
full-time

(40 h/week,
paid)

Employed
part-time

(Fewer than
40 h/week,

paid)

Self-
employed

Unpaid
volunteer
or intern

Retired
Not

currently
employed

Currently
a student

Highest level of education
completed?

High
school

Technical
degree

University
degree

Master’s,
or PhD.

Please tell us about your usual
work location

Only one
work

location
(outside of

home)

Work location
regularly varies

(different of-
fices/jobsites)

Work at
home only
(telework,

self-
employed)

Various
work

locations
(driver,

sales
agent)

What is your current pay at
your job?

Less than
36,000

Egyptian
pounds
per year

36,000–60,000
Egyptian

pounds per
year

61,000–
120,000

Egyptian
pounds
per year

121,000–
240,000

Egyptian
pounds
per year

241,000–
500,000

Egyptian
pounds
per year

501,000–
1,000,000
Egyptian
pounds
per year

More than
1,000,000
Egyptian
pounds
per year

How frequently do you
commute to your workplace?

6–7 days a
week 5 days a week 4 days a

week
3 days a

week

fewer than
3 days a

week

Usual way of commuting to the
workplace? Car Public transit

Ride-
hailing
service
(Uber,

Careem,
SWVL, or

other
smartphone-

app car
service)

Taxi Carpool/
vanpool Walking Bicycle Other

How long does it often take to
commute to the current
workplace/office? (in minutes)

How much on average does it
cost you daily to commute to
your workplace? (in EGP)

If you commute to work using
your private car, where do you
usually park your vehicle at the
workplace? (Usual multiple
locations if applicable)

At work—
driveway/
surface lot

At work—
garage/parkade

On the
street by

work

Different
location—
driveway/
surface lot

Different
location—
garage/
parkade

Different
location—

on the
street

Other

Do you pay for parking at your
workplace? (whether officially
or non-officially)

Yes,
usually

Yes, but
unusual No
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Table A1. Cont.

Question Potential Response

Can you please indicate the
locations for the five
destinations that you go to
the most for shopping or
leisure trips?

Input your home location

Select trip origin Home Shop Work School University Gym Club Other

Trip start time

Trip end time

Select trip purpose Went
home

Went to
the

primary
workplace

Went to
other
work-

related
place (e.g.,
meeting,

second job,
delivery)

Went
grocery

shopping

Went to
other

shopping
(e.g., mall,
pet store)

Went to
school/
daycare

(e.g.,
daycare,

K-12,
college)

Went to a
medical
appoint-

ment (e.g.,
doctor,
dentist)

Conducted
personal
business

(e.g., bank,
post office)

Dropped
off/picked

up
some-
one
(e.g.,

son at a
friend’s
house,
spouse
at bus
stop)

Went to
exercise

(e.g.,
gym,
walk,

jog, bike
ride)

Went
to a

restau-
rant
to

eat/get
take-
out

Attended
social

event (e.g.,
visit with
friends,

family, co-
workers)

Attended
recre-

ational
event
(e.g.,

movies,
sporting
event)

Went to
a reli-
gious/

commu-
nity/

volun-
teer

activity

Transferred
to another
mode of

transporta-
tion (e.g.,
change

from ferry
to bus)

Other

Select the trip mode of travel Car

Public
transit
(with a

cost input
field)

Ride-
hailing
service
(Uber,

Careem,
SWVL, or

other
smartphone-

app car
service)
(with a

cost input
field)

Taxi (with
a cost
input
field)

Carpool/
vanpool
(with a

cost input
field)

Walking Bicycle

Other
(with a

text input
field for

specifying
the mode
of trans-

portation)

Who accompanied you on
the trip? None Husband/wife Children Parents Sibling

Colleague,
Colleague

(listed
twice)
(You

might
want to
remove

the
duplicate

“Col-
league”)

Friend

Other
(with a

text input
field for

specifying
another

travel com-
panion)
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Table A1. Cont.

Question Potential Response

Paid for parking on a trip?
Yes (with a
cost input

field)
No

Paid or toll in trip?
Yes (with a
cost input

field)
No

Table A2. Context-aware SP System Questions.

Question Potential Response

Travel Scenarios—case 1 Transit Car

Travel Scenarios—case 2 Transit Car

Travel Scenarios—case 3 Transit Car

Travel Scenarios—case 4 Transit Car

Hybrid Travel Options—Ride-hailing Case Transit Car Ride-hailing

Hybrid Travel Options—Park and ride Case Transit Car Ride-hailing Park and ride

Hybrid Travel Options—Ride-hailing and transit Case Transit Car Ride-hailing Park and ride Ride-hailing and transit

Hybrid Travel Options—Cycling and transit Case Transit Car Ride-hailing Park and ride Ride-hailing and transit Cycling and transit

Environmental impact Transit Car

Last-mile connectivity Ride-hailing and transit Cycling and transit

Calories burned Ride-hailing and transit Cycling and transit

MaaS Options Explorer (Metro) Explorer (Bus) Mover (Metro) Mover (Bus) Frequent rider Super traveler PAYG

Would you feel comfortable using carpooling with strangers,
whether for yourself or your family? 1 2 3 4 5

Would you feel convenient using bike sharing systems,
whether for yourself or your family? 1 2 3 4 5

How important is the reliability of the transportation mode
to you? 1 2 3 4 5

How important is the comfort of the ride to you? 1 2 3 4 5

How important is the freedom associated with having your
car with you? 1 2 3 4 5

Does using public transportation make you feel more
independent? Yes, it does No, it does not
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Table A2. Cont.

Question Potential Response

Would you prefer using a private vehicle in case you have
multiple trips? Yes prefer No, do not prefer

Would your choice of public transportation be enhanced if
the system’s availability and reliability were higher? Yes, I would No, I wouldn’t

Would you feel more convenient about using public
transportation if there were a unified mobile application with
all the information needed?

Yes, I would No, I would not

In case the public transportation ticket counts as part of the
parking cost, would this incentivize you to use public
transportation more and park at central depots?

Yes, I would No, I would not

Do you consider the use of public transportation an affecting
factor on your social image? Yes, I do No, I do not

If fuel costs increase, leading to higher ownership costs of
private vehicles, would you prefer using public
transportation?

Yes, I would No, I would not

How convenient are you with the idea of your work
relocating to the New Administrative Capital? Convenient Not convenient

Do you intend to move to live in the New Administrative
Capital in the near future? Yes, I do No, I do not

If your work location is moved to the New Administrative
Capital, would this motivate you to live there? Yes, it would No, it would not

Did you know about all those new modes of transportation
being implemented to facilitate the movement to the New
Administrative Capital?

Yes, I did No, I did not

Did you know that the transportation system in Cairo
(Formal and Informal) is that extensive? Yes, I did No, I did not

Did the availability of the information regarding the different
modes, their stops, and timings make you more willing to
use public transportation?

Yes, I did No, I did not

Did the availability of a comprehensive trip planning tool
make you more willing to use public transportation? Yes, I did No, I did not

Would the concept of MaaS bundle constituting different
modes make you more willing to use public transportation? Yes, it would No, it would not
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