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CONCEPTS COVERED

» Conjoint analysis: Fractional factorial design

» Conjoint analysis: Design of choice cards using SPSS

» Advanced data collection techniques
» Mobile application based survey and data collection

» Data collection using Application programming interface(API)

Welcome back. In lecture 15, we will cover the second part of transportation planning
surveys. The different concepts that will be covered in this lecture are fractional factorial
design which is done as a part of conjoint analysis. Then, design of choice set using SPSS
software, advanced data collection techniques, mobile application based survey and data

collection and finally, data collection using application programming interface.
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Conjoint analysis

O Hypothetical scenarios are presented with attributes set at certain levels for an individual to
choose,

0 Using a regression model, both relative importance of each attribute and their preferred levels can
be determined.

O Background information of respondents (socio-economic characteristics) also allows design of
products and services for different market segments.

Full factorial design(full-profile approach)

Attributes =)D Attributes @ Attributes = 3 Levels=3

Levels @ Levels =® Attributes=2  Levels=2

Full factorial design=y*  Full factorial design = 22 Full factorial design = 3% 22
=108 choice cards/

combinations.



Conjoint Analysis

In the last lecture, we have seen that, in stated preference survey one of the methods is
conjoint analysis, where hypothetical scenarios are presented to the actual person to choose as
per his choice. And in each of these scenarios, a set of attributes is given with certain levels.
For example, for mode choice between bus and auto rickshaw, different attributes like bus
fare, auto fare, travel time by bus, travel time by auto-rickshaw are given with varying levels.
A combination of these attributes results in different scenarios, which are then chosen by the
respondent. Then a regression model with this data gives the relative importance of each
attribute and also their preferred levels. Along with this data, the socio-economic
characteristics of the respondent can be used to design services for different market segments,
as the influence of attributes vary across economic categories.

Full factorial design

There can be different attributes, like fare, travel time etc. as shown in the previous example.
Each attribute can be set at different levels. For example fare can be Rs 5 or Rs 10. In a full
factorial design or a full-profile approach, if there are X attributes and Y levels, the total
number of combinations are Y*. For example, with three attributes each having two levels,
the number of combinations are 8. But for three attributes with three levels and two attributes
with two levels the number of combinations would be 3*23, i.e. 108. For a surveyor to elicit
response on so many combinations would be impossible. So there is a need to reduce the

number of scenarios.
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Fractional factorial design

0 This is the most popular technique to reduce the total number of choice cards by selecting a few
treatment combinations instead of running all combinations.

 This is called an orthogonal array which are designed to capture the main effects.
 Orthogonality in statistics means un-correlated.

0 While designing experiments (SP experiments), we need to make sure that factors are orthogonal
otherwise their effects cannot be estimated separately.

0 There are two types of effects:
Main effects (independent effects of variables on dependent variable) and
Interaction effects (combined effects).

Q 1t has been found that higher order effects are relatively very low as compared to
the main and first order interaction effects. Hence, they can be omitted.

Fractional factorial design




One method for selecting a few treatment combinations instead of running all combinations is
fractional factorial design. This is called an orthogonal array, which is designed to capture
only the main effects. Main effect basically means whenever there are variables and there is a
dependent variable, each variable has an effect on the dependent variable. So, independent
effects of variables on the dependent variables are called the main effects. Whereas, when
many variables affect the final choice of a dependent variable, it is called an interaction
effect. Because of correlation, if two or three variables are playing a role on the dependent
variable, in that case, it may be difficult to establish which one is having a main effect on that
particular variable or what the actual contribution of that particular variable is. So, it is better
to investigate where the cases are with only a single variable or the independent effect of a
variable has to be only considered.

So, in orthogonal design an attempt is made to only capture the major effects or some
interaction effects (the low level ones). The higher level interactions, where there are many
variables working on that particular final dependent variable are avoided. So, orthogonality in
statistics means uncorrelated, which is what needs to be achieve. Therefore, while designing
stated preference experiments, one needs to make sure that factors are orthogonal otherwise
their effects cannot be estimated separately. It has been found that, higher order effects are
relatively very low as compared to the main and first order interaction effects and hence this
higher order effects are not considered in a fractional factorial design.
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O Although this operation keeps us from estimating some from the responses, it still gives us adequate
ion and is less )

O Holdout cases for validity testing.

—_—

Choice cards using SPSS (Bus/Auto rickshaw mode choice)

Bus fare | Waiting time | Crowding level | Auto- _ | Delayin

— |atbusstop — rickshaw fare | journey by bus
Level 1 Same as | 6 minutes Less than or equal | Same as Same as current

" |current to seat capacity | current

Level 2 25% 10minutes | 1.5 times the seat |25% increase |5 minutes
= increase capacity increase
Level 3 50% 15 minutes |2 times the seat | 50% increase |10 minutes
'/ increase capacity increase

For example, in a mode choice problem between bus and auto rickshaw with five attributes
and three levels each, there can be many choice cards with a different combination of
attribute levels. A fractional factorial design is used for reducing the number of such



combinations. IBM SPSS is one such software which can be used for this purpose. In
addition to creation of this particular choice sets, holdout cases are also created. Holdout
cases are a few more combinations than the ones that are finally chosen. Holdout cases are
not surveyed but used for testing the validity of the design.
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Open the saved file.

Select the desired factors.
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Click OK.

Different scenarios are
generated.

Following are the steps to create choice cards in SPSS software:

Step 1: Go to Orthogonal Design under Data tab®

Step 2: Press Generate

Step 3: In the dialog box fill in the variable names (should not contain spaces and should not
start with numbers)

Step 4: Add all the other variables or attributes

Step 5: For each variable click on Define Values

Step 6: Create the different levels for each attribute

Step 7: Save the particular file in a folder

Once the file is saved choice cards are automatically created.

In the example, instead of 3> combinations, there are only 16 combinations. Each respondent
can be given 2 or 3 cards, and his/her choice recorded. Therefore, if 100 persons are given 3
cards each there will be around 300 samples on which a regression analysis can be done.
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Advanced Data collection Techniques

0 Mobile application(App) based survey
O GPS Tracking (Verification of trip-data collected from interview)
O Data collected through different Sensors:

) Traffic Detectors (Inductive loop detector, Microwave radar detectors, Infrared sensor,
Ultrasonic detectors, Acoustic detectors, etc.)
~ — —~——

W Environ

vir tal sensors (Road condition sensors that measure surface temperature, surface
moisture, and presence of snow accumulations, Visibility sensors that detect fog, smog,
. " o S s e
dust clouds, heavy rain, and snow storms, Air quality sensors to monitor pollution levels,
N A ————— R ey
Noise sensors to measure traffic noise levels

O Automatic Number Plate Recognition (ANPR) systems
O Weigh in Motion

a Words screening form social media (Impact of accident/ event on particular road
network) TR ———

Data collection using Application programming interface(APU/\/

Advanced data collection techniques

These kinds of surveys are a completely different way of collecting transportation data. For
example, GPS tracking using dedicated devices or smartphones. These kinds of data can be
used for verifying trip data collected from interviews.

Data can also be collected from different sensors like traffic detectors (like inductive loop
detector, microwave radar detectors, infrared sensors, ultrasonic detectors, acoustic detectors,
etc) present in many roads for detecting the actual flow of vehicles, the speed of vehicles, and
the number of vehicles passing through a particular point.

Similarly, there are environmental sensors which can tell us about road conditions, surface
temperature, surface moisture or if snow accumulation has happened.

There are visibility sensors which can detect fog, smog, dust cloud, etc. Using this
information, different warning message can be displayed to the users of a particular corridor.
There are air quality sensors too, to monitor pollution levels and noise sensors to monitor
sound levels.

There are automatic number plate recognition systems to identify vehicles breaking speed
limits and signals. Weigh-in motion sensors can weigh freight vehicles climbing on to it.

In addition there is social media analytics, where social media feed can be crawled to detect
accidents and congestions. Satisfaction with a particular transit system can also be gauged
from the feed generated by social media users which can then be used to suggest
improvements for the transit system.

Finally using application programming interface, one can directly access a database from
another application. Access to such huge data is the key to big data analytics.
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Mobile application(App) based survey

GPS-based study was carried out for the U.S. Federal Highway Administration in Kentucky in 1996.

Prompted recall survey using smartphone
0 Data is collected using sensors (GPS, accelerometer, Wi-Fi and GSM) in an agent’s
smartphone 1 /MmnY) TS

 Agent eventually validates this data adding other details from his memory(cnhancing
accuracy)

a Trav@a_ry\stﬂe_ys(lmproves temporal & spatial detail facilitating development of
Agent & activity based Travel Demand Models).

Data needs of the study
Subject of the study
S e

Application development

——— —

Mobile based GPS surveys

The first GPS-based study was carried out for US Federal Highway Administration in

Kentucky in the year 1996. Prompted recall survey is a present day application of GPS based

surveys. Locations visited by respondents are tracked using GPS enabled smartphones. A

surveyor then verifies all these places and records the purpose of visit and other trip details in

a face-to-face or telephonic interview. For this purpose the respondent has to install an

application which collects information (like locations visited, routes traversed, speed) from

the sensors (like GPS, accelerometer) and relays it to a remote database. With the

proliferation of smartphones there is a huge potential of collecting such accurate data,

provided privacy concerns are satisfied.

Thus, the three parts in the development of mobile based surveys are- assessing data needs,

understanding the subject of the study, and the mobile application development.
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Example: Trip details of a food delivery agent for analyzing last mile logistics
using mobile application )
Simulation of the delivery environment using movement data of existing food delivery agents

These included data on the time & place of:

The agent actively delivers food using a two-wheeler during the duration of the study.

Smartphone app developed:

Minimum battery usage(GPS frequency vs. Accuracy)

Privacy & coﬁ;it:lentiality(Major cause of non-participation in App based surveys)
aconticentiattyV alos cause aln AL PatOM NN gy Fase
The need to toggle frequently between the primary app & the data collection
R A R i
app should be eliminated since the primary app is used frequently.
ackisaaimslnivisisss ol 1l -

Data needs of the study

In this example, an Android application is developed to remotely collect trip details of
multiple food delivery agents for analyzing last mile logistics. Food delivery companies offer
an online platform where customers can place orders for cooked food from nearby
restaurants. In this case, last mile logistics deal with optimally assigning delivery agents to
orders, thereby minimizing delivery time and cost. The objective of the study was to
understand the pattern of last mile food delivery carried out by delivery agents- distances
travelled before picking up an order, waiting times at the restaurant, distances travelled while
delivering the order, deadheading (miles travelled after delivery), number of orders delivered
per day, parking locations, etc.

Subject of the study

The delivery agent uses a two wheeler to deliver orders. He is assigned orders via a
smartphone application, which not only shows him his destination but also the shortest route
leading to it. The data collection app needs to continually relay the delivery agent’s location.
As the agent is continuously dealing with the company’s app(for route guidance)
interventions are required for the data collection app to be minimal. Even then, the need to
switch between the two apps can be difficult. Also, the agent needs to be tracked while only
at work and not beyond delivery hours. Location tracking is an energy intensive process,
draining a smartphone’s battery very quickly; the additional energy requirement of the data

collection app should therefore be very low.

Application development




Keeping the above requirements in mind in this example, an Android application was
developed. The data collection process starts on opening up the app and ends when this app is
closed. In the meanwhile, the application can access data from the GPS and accelerometer, to
detect location and movement. To reduce energy requirements, the application does not
continually relay the information to its remote database, but does so at regular intervals. Also,
the frequency of collecting GPS location varies depending on whether the agent is static or
has started moving. The application needed user intervention to identify restaurant and
delivery location. This is achieved by a float button, which is overlaid on top of the primary
app while the secondary data collection app runs in the background. Thus, need to toggle
between the two apps was reduced. On reaching either a restaurant or delivery location, the

agent marks the location by just accessing the floating button.
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Application development

o
" M?M FMEnd FMStat FMEnd  LMStat LMEnd  MStart M End location
e — No. Start  time Location location  time time Location
O 0 by time
T
o
Order  FM FMEnd FMStart FMEnd  LMStart LMEnd LM Start M End location
No. Start  time Location location  time. time Location
time
] A conceptual model of the database FM-First mile
LM- Last Mile,
The agents had only two input options:
P START MILE & END MILE.

GPS data and time were recoded.

At the end of each day, a prompted recall survey was carried out.
Locations and activities were verified using the GPS and time stamp data for an
entire day.

The information from multiple delivery agents were stored in a database. A conceptual model
of the database is shown here. Since, the survey is carried out over multiple days, each
agent’s information is stored day wise. An ID is assigned to each order and the location and
time at the start and end of the first mile and second mile is collected. First mile is the mile
travelled before an order is picked up and last mile is the mile travelled before it is delivered.
Data collection via the app was followed by a prompted recall survey where the agent
identified the restaurants from the location and the orders delivered were cross checked.
(Refer Slide Time: 30:11)



Data collection using Application programming interface(API)

These are routines, protocols, and tools which enables two applications to exchange data among each other.

It can be a for a database system, operating system, computer hardware or a web-based system.

Internal Partner External Popular APIs:
APIs are used Connects two Available to any .
within an business partners third party G°9§|e Maps API, YouTube APIs, Fllw

organisation for accessing developers Twitter APIS(2 APls
business —~
ntegrates functions or data. Can be REST API for core Twitter data access.
free/ t — = E "
EOTPASETS ﬁrge‘,p’aymer\ Search API for Search and trends data.
or apps. basis (API Key). il ataiaeniiuosns

A GET request is used to retrieve
HTTP request methods o mation from the given server

T WTTP/HTTPS + GET ;
Rest APIs " protocl  * POST Ee Ry L—'Rl'
SOAP e - APOST request is used to send data to

+ DELETE . s N
. PATCH . the server, like customer information

orafile uploadu/siggﬂ@ms.

Data collection using Application programming interface (API)

API refers to different routines, protocols and tools, which enables two applications to
exchange data among each other. For example, the database of an application needs to be
accessed via another application, third party applications need to access data from Google,
etc. APl interface can be for a database system, operating system, computer hardware or web-
based system. Since the applications are different, a common interface is required between
them.

Google Maps, YouTube, Flickr, Twitter give access to their data via an APl key. Some of
these are payment based. Along with APIs, there needs to be a set of rules which determine
how different systems talk to each other. Rest API, or restful API is a system architecture
which says how different data can be exchanged between two programs. SOAP architecture
is one such architecture. And HTTP and HTTPS are the two protocols.

There are different HTTP request methods such as GET, POST, PUT, DELETE, and
PATCH. A GET request is used to retrieve information from the given server using a given
URL and POST request is used to send data to the server like customer information, or a file
upload using HTML forms.

Twitter has got two APIs. One is the REST API for core Twitter data access using which one
can analyze Twitter feeds (what people are tweeting about). And the other is Search API for
accessing search and trend data..
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Goog'e APIs: Maps API: (static and dynamic

Directions API: (Calculates di

ps, street view imagery, and 360° views)

s between |ocations for several modes of transportation

ike transit, driving, walki nd cycling)

Distance Matrix API: (Calculates travel times and distances for destinations)
S ERPRTRSTIINCeS:T0F Cesting
Roads AP!: (Identifies the road and other metadata of roads along which a vehicle travels)

Places API: (Information on locations)

Geocoding API: (Addresses « > Geo;rﬂhic co-ordinates)
Geolocation AP!I: (Location based on information about cell towers and WiFi nodes)
Creating an AT .
API Key: FPT APt B Service AP1s & Services
Google D!vilom Console > APIs
and g[@g» Cm!nmials pan-lﬁ = o _‘ :

Select Create credentials > —

Select API key from the dropdown 1 r— D)

menu,
v e

The API key created dialog box
displays the newly created key.

Some of the popular Google APIs, like Maps API, provides static and dynamic maps, street
view imagery, and 360 degree view. So if a program requires data about certain street view
imageries, certain 360 degree views of certain areas, one can access the maps API. Direction
API shows the way a particular transportation mode can travel between 2 locations. For
example, one can determine the starting and ending point of a trip or the actual route a person
follows during a particular trip using this API. These systems can be integrated with existing
land use transportation models to achieve better visualizations as well as to get feedbacks like
existing travel time or travel conditions in a particular corridor. Google API like distance
metric API calculates the travel times and distances between an origin and destination. This
can become a determinant in a mode choice model or trip assignment or a route choice
model. Roads API, gives access to metadata of roads. Place API gives information on
locations. Geocoding API can give access to geographic coordinates of addresses or vice
versa. Geo-location API gives real time location of a particular person using cell towers and
Wi-Fi nodes, which can be an alternate to GPS.

A Google API key can be created from the Google Developers Console as is shown in the
slide. Payment is required beyond a certain number of requests.
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These are the references that can be followed. A free version of IBM SPSS is also available.
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Fractional factorial design allows easy and efficient conduct of stated preference surveys.

Mobile application based survey is increasingly being used to gather traffic and
transportation related data where data is collected using the sensors within a mobile phone.

Prompted recall surveys using mobile phone increases accuracy and precision of data
collected during travel diary surveys thus enabling development of advanced travel demand
models.

APIs allow access to hig data thus opening up a new frontier of urban data analytics.

Fractional factorial design allows easy and efficient conduct of stated preference surveys.
Mobile application based survey is increasingly being used to gather traffic and transportation
related data where data is collected using the sensors within a mobile phone. Prompted recall
survey using mobile phone increases accuracy and precision of data collected during travel
diary survey, thus enabling development of advanced travel demand models. And finally,
APIs allow access to big data that is opening up a new frontier of urban data analytics. Thank

you.



