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Abstract: Data collection for transportation studies is a real challenge faced by the researchers
and engineers in a developing country. This paper focused on design of travel survey instrument
integrating the residential location characteristics, sample design and pilot survey did using
household interview method for Kochi region of India. Survey instrument was standardised
from initial pilot survey and the modified diary is again tested against nonresponse. Quality of
the collected data could be controlled efficiently by using the household interview method and
its efficient execution. The response rate of household interview method for data collection
was given priority as it has direct influence on the accuracy of the results. From the pilot survey
experience it was evident that the response rate of the household interview method can be
increased with the help of a response facilitator. Experience and problems faced during the
data collection was also discussed.

Keywords: survey instrument design, residential location characteristics, data collection,
survey design, response facilitator, developing country.

1. Introduction

Travel Demand Models accurately linking
individual activity patterns and the travel
environment will be critical to sustain the
development of a reliable and efficient
transportation system for a city. However,
relatively few studies have applied the
activity-based framework to investigate
relationships between various long-term
individual decisions, such as residential,
work location, public vehicle preference
and one’s daily activity patterns (Glickman
et al, 2015). Among these the residential
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location characteristics can be one of the
significant factors that can determine the
activity and travel patterns of household
members. Improvement of travel models can
be done only by widening the parameters
studied by activity-travel survey. It can
be achieved through modification of
conventional survey instrument. For a
developing country, the travel survey design
and survey administration is a real challenge
faced by the researchers. A survey method
with high response rate and good quality data
is also remaining as a barrier for efficient
data collection. In most of the developed
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countries the data required is derived from
census data which has the disadvantage of
limiting the number of variables for the
analysis.

The objective of the study is to identify
survey instrument format integrating
residential location characteristics and
survey technique to collect good quality
data from households. Factors that can
increase the response rate of household
interview method are also studied within
time and monetary constrains. Based on
the findings from the pilot survey, data from
2,993 households are collected successfully
from surveying a total of 3,107 households,
using the modified survey instrument.

1.1. Relevant Literature

The hindrance in implementing the activity
based models in many countries is due to
non-availability of required data for the
model development. Attitudinal and stated-
preference extensions to conventional
household surveys can overcome this defect.
Widening of explanatory variables for mode
choice, destination choice etc. can also increase
the accuracy of conventional models (Petersen
and Vovsha, 2006). There is a strong impact
of Built Environment characteristics like
residential location, work place location and
road network on activity-travel behavior. Good
land use mix can decrease the motorized trips
and traffic congestion. Household locations
determine the demand for community facilities
and services including transportation systems.
To a significant extent, these location choices
determine the activity and travel patterns of
household members (Bhat and Guo, 2006).
“One’s place of residence serves as a spatial
anchor, impacting the spatial and temporal
attributes of one’s movements”(Habib and
Kockelman, 2008).
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Nowadays all research works on travel
demand modeling are focusing on the
impact ofland use on travel behavior. Within
‘homogeneous’ groups of individuals such as
age, income etc. there may be preferences
for travel modes (especially car or public
transport), and these may have an impact
on the influence of land use on travel
behavior. There is hardly any literature on
preferences for model choices within the so
called homogeneous groups of people and
on the impact of these preferences on public
vehicle usage, frequency of activities, etc.
People with a preference for public transport
include public transport accessibility in their
residential choice. Preferences for modes
have a significant impact on the number of
trips, as well as on the distance travelled
by mode. The omission of preferences for
modes may result in an overestimation of
the impact of land use on travel behavior
(Van Wee et al,, 2002).

Inefficient land use control and weak
political will result in changing urban
landscape and land use patterns in response
to socioeconomic demands of the growing
population but not necessarily according
to plan. Although, metropolitan authority
has noticed the region’s self-evolving and
expanding urban structure, it has failed to
cope and address the risks associated with
its urbanization. Distance to be travelled
by each commuter for different activities,
frequency of activities and mode choice for
the trips can be considerably influenced by
where these commuters reside. The longer
they need to travel will in turn raise the
consumption of fuel and energy which causes
increase in air pollution and degradation of
the environment (Rivera and Tiglano, 2005).

Residential location is one of the driving
forces of urban dynamics. It impacts
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employment, economic development,
social structure, spatial segregation, and
the transport system. Understanding and
modeling residential location in travel
behavior is a primary concern for urban
planners, policy makers, and researchers
(Schirmer et al,, 2014). Mobility and lifestyle
decisions, such as residential location,
employment, automobile ownership, and
activity participation, which are more
fundamental decisions, influence everyday
activity participation (Glickman et al,, 2015).

The research studies in the area of discrete
choice residential and travel demand models
were done with an aim to improve the
forecasting quality of urban land use and
travel (Ben Akiva and Bowman, 1998). In
Western Australia the work on modeling the
relationship between residential location and
mode choice within a behavioral analysis
framework was conducted. It resulted in the
conclusion that improving the accessibility of
public transport can change the mode choice
of individuals (Nurlaela and Curits, 2012).
An integrated model on residential location,
workplace location and vehicle ownership
was developed to find it’s the influence
on the commute tour characteristics. The
characteristics like workplace density,
residential location densities, household
income, number of workers, number of
adults and number of vehicles owned by
the household were taken as independent
variables of analysis. The study reached on
the conclusion that the residential location
and work place location characteristics have
impact on the tour characteristics and mode
choice of an individual (Paleti et al., 2013).

The people in a developing country like
India preferred to reside at home and ready
to commute long distances for different
activities. According to the 69 round of

the National Sample Survey conducted
among major Indian states in 2012, urban
Kerala is second only to urban Maharashtra
in the proportion of households for which
the maximum distance travelled by any
earner to reach the place of work was more
than five kilometers (Goswami et al., 2015).
All the above studies show the importance
of using activity based modeling in travel
demand modeling and also the need for
inclusion of location characteristics. The
studies from household survey data can add
additional variables and can develop more
realistic models than models from census
data. The integration of residential location
characteristics will add a new dimension to
the existing activity based models.

2. Study Area

Kochi Municipal Corporation (KMC), the
heart of Kerala state in India, is the region
selected for the present study and is shown in
Fig. 1. Kochi is one of the few cities in India
which is well connected by the four major
modes of transport say road, rail, water and
air transport. Kochi is the industrial and
commercial capital of Kerala state. Kochi
Metro is a major development that facilitates
commuting within the urban agglomeration.
Kochi is remarked as the “Gateway to
Kerala”, one of the most visited cities in India
(Kerala sustainable urban Development
project report, 200S5). Fort Kochi was the
first municipality formed in India in 1664,
under Dutch. Kochi Municipal Corporation
was formed on 1** November 1967 merging
Fort Kochi, Mattanchery and Ernakulum
Municipalities. The Kochi Municipal
Corporation is spread over 94.88 km? and
itis divided into 74 electoral divisions. As per
provisional reports of Census (2011c) India,
population of Kochi in 2011 is 602,046.
Literacy rate of KMC is 97.31%, which is
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very high compared to any other major cities
of India. With population density of 6345
persons per km?, KMC is the most densely
populated corporation in the state. It is 5*
among the 20 major cities selected under
Smart City Mission of Government of India.

The residential area is evenly distributed
within KMC. The land use characteristics
of KMC shows almost 75.77% of usable
area is under residential use, which is not a

preferred characteristic for a metropolitan
region. The increased land use for residential
purpose is acting as a hindrance for further
development of the city. The percentage of
land use for transportation purpose is only
5.83%, which is very low for such a densely
populated city, resulting in narrow roads
and heavy traffic congestion problems in
KMC (Development plan of Kochi City
region 2031, Vol. 1, 2010). Table 1 shows
the existing land use pattern of KMC.

Fig. 1.
Study Area
Table 1
Existing Land Use Pattern of KMC
Existing %
Land Use Specification
(Gross)
Residential §3.13
Commercial 2.23
Public and semi public 4.69
Industrial 1.83
Transportation 5.83
Park and open space 0.70
Hazardous -
Others 4.19
Paddy / wet land 4.65
Dry cultivation / Agriculture 0.11
Water Bodies 22.64
Total 100

Source: (Development plan for Kochi City, 2010)
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3. Survey Instrument and Travel Survey
Design

3.1. Survey Instrument Design

Survey instrument should be designed
according to the details needed from the
travel survey and method adopted for data
collection. The diary should be comfortable
for both enumerators and respondents
to provide correct information in both
directions. The ease in recording the
communicated data is also considered in the
diary design. Considering the socioeconomic
characteristics of the study area and variables
identified for analysis the survey instrument
was initially designed (Diaryl) as simple as
possible for household interview method.
The details to be collected were arranged
under specific headings, namely; household,
personal, residential location characteristics,
telecommunication usage, future metro
usage and activity-travel attributes.

Dairyl was started with household and
personal characteristics. Household
characteristics such as name of household
head, contact details, division number,
type of dwelling unit, number of males
and females in the house, details of vehicle
ownership etc. form the initial part of
the diary. Following this, the personal
characteristics like relationship with
household head, gender, age, education,
occupation, type of employment, income
per month, possession of driving license etc.
were included.

Residential location characteristics that are likely
to influence the travel pattern and mode
choice of individuals were identified from
literature survey and considering the study
area characteristics. The details like reason
for selecting present location, distance to

main road, nearest bus stop, distance to usual
shopping center, distance to city center and
frequency of public transport available for
work, education, shopping and city center
were included. A closed end question
was provided to record the reason for less
preferring the public transport. Frequency
of shopping in a week by each household
was also included. Telecommunication is an
option to participate in activities without
traveling. The clear picture about the usage
of telecommunication is not available for
different levels of people in the study area.
Extent of telecommunication usage of
each household was also measured using
the diary. The work of Kochi metro rail,
that connects different parts of KMC, is in
progress. Considering the anticipated usage
of metro rail for different activities, a small
Stated Preference extension was also included
in the diary. It included distance to metro
station from place of residence, probable
mode of transportation to metro station,
number of metro users in future and purpose
of metro usage.

Activity-travel part was designed in such a
way that it can give the details of complete
travel and activity pattern of all the persons
in a household. Attributes like origin and
destination of each trip, travel time, mode
used, cost of travel, activity involved,
starting and finishing time of each activity,
accompanying household or non-household
members and frequency of each trip in a week
were included. It was designed to collect
activity- travel pattern of a previous usual
working day and a previous holiday. The
coding used for employment type, mode
and type of activity were printed in the diary
itself, so that it will be convenient to the
enumerators to record the data with less
writing during survey and to reduce the error
while recording.
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3.2. Travel Survey Design

Sample size determination and survey
method are the important aspects in survey
design. Sufficient care was taken to select
the optimum sample size. The total number
of households in KMC is 1, 58,535 as per
2011census of India. For calculation of the
sample size the population is assumed to
be normally distributed and the standard
equation for calculating sample size for
random sampling is used (shown in Eq. (1)
and Eq. (2)).

_ Z’p(1—p)/e?
L. Z*(1-p)
1+ 554

1)

Simplified form of the equation is:

_ Z’p(1-p)
n= —————
62

)

Table 2
Sample Size Calculation

Where n = sample size for finite population;
N = population size; Z = statistical parameter
corresponding to confidence level (Zis 1.96
for 95% confidence interval); e = desired
margin of error (adopted as 5%).The value
of n is calculated using both equations and
is multiplied by a design effect 2 and is
increased by 5% for contingency. The value of
p is taken from previous studies conducted by
LSGD Research wing of Kerala Government
at Kochi Municipal Corporation. The sample
size is calculated using equation (1) and (2)
and the maximum value was taken. In most of
the travel survey studies the value of sample
size is selected as more than 1.5% of total
population, as the accuracy of the model
will increase considerably with increase in
sample size. Especially for activity based
modeling there should be enough number
of samples as the models need to predict the
travel behaviour at individual level, and not
at an aggregate level. The calculated values
of sample size are given in table 2.

Different criteria foe sample size calculation

Number of
households

Sample size based on age structure

1899

Sample size based on mode choice

1926

1.5 % of total household

2421

Selected sample size

3000

Thus the total sample selected was 3000
household (1.89% of total population).
Multi stage random sampling method
was adopted, as the sample size is big and
survey area is large. If interviews are being
conducted in a small number of relatively
well-defined areas, it is easier to maintain
a higher degree of quality control on the
conduct of the interviews for large sample
size. KMC is divided into 74 electoral
divisions. These divisions are stratified
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according to population density. The land
use characteristics of the study area are such
as it is allocated uniformly over the entire
area. To prevent the chance of clustering of
sample on geographical basis, 32 divisions
were selected according to the distance from
the City Center as shown in Fig. 2. The
number of households from each division
was selected by means of Probabilities
Proportional to Size (PPS). Total household
number in each division was taken from
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Census (2011a) Hand Book. Households
were selected randomly from the 32 divisions
considered for survey.

Experience from other researchers in
developing countries and literature have
a strong support to select the household
interview method for data collection, on
basis of high response and good quality data
(Manoj and Verma, 2015; Muralidhar et al,,
2006). The response rate of the survey is
crucial as it have direct effect on the final

CORPORATION OF KOCHI
DIVESION MARP 2010

results (Stopher, 1992). The response rate
and quality of data collected was determined
by the method of survey adopted. Studies
by Richardson et al., 2005; Stopher, 1992;
Stopher and Greaves, 2007; etc. mentioned
that household interview provide factual
demographic and travel attributes. This
survey method also possesses the advantages
like higher response rate, considerable
flexibility for questioning and answering,
attitudes, opinions etc. and shorter time
span compared to self-completion surveys.

e - Division selected for survey

Fig. 2.

Division Map of Kochi Municipal Corporation with Selected Divisions for Survey
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The help of a response facilitator can
considerably increase the response rate of
household interview method in a high literate
area (Richardson et al,, 1995). A consent letter
for the survey from Kochi Mayor was issued
from Kochi Municipal Corporation office
and its copy was given to all the enumerators,
which helped a lot to convince the people
about originality and need of the survey.
The Councillors (people’s representatives
of a division) of each division were informed
before conducting the survey, as per the
direction form Mayor. The activity-travel
pattern of those who start and end the
activity chain at the place of residence in a
working day was recorded. Those who are
not residing permanently at their home and
those who are staying some other places for
job or education were avoided. Individuals
were asked for the activity-travel pattern
for a usual preceding working day and
holiday. The surveys were conducted only
on weekends and public holidays so that
there would be more chance to meet the
eligible persons at their houses. The personal
activity-travel patterns were recorded by
asking from the corresponding individuals
for more precision if they were available at
home during survey. If not available it was
recorded by asking to other eligible members
of the family.

4. Pilot Survey

Pilot survey can be conducted by spending
5-10 per cent of total budget allocated for
the main survey (Richardson et al., 1995).
Enumerators were well trained on the
usage of survey instrument and told about
the significance of each data entry before
the survey. Male and female enumerators
were engaged for conducting the survey.
Self-presence of the researcher as one of the
enumerators helped to maintain a higher
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degree of quality control on the conduct
of the interviews at field. 158 samples were
collected from 6 different divisions. 98
samples were collected using Diaryl and
60 samples were collected using modified
diary. There were 6 and 2 non-responses in
both cases respectively.

4.1. Modified Diary

After collecting 98 samples using Diaryl,
the diary was studied again based on the
(non)response rate and survey experience;
and required alternations were made.
GPS coordinates were added along with
the household characteristics which can
add further details on residential location
characteristics if needed. One of the
high non-responses among the personal
information was income per month. Instead
of asking the income directly they were asked
to tell the income group as per the coding in
the travel diary. The questions of residential
location characteristics were changed to
column format from row format. The column
format is more efficient in recording the data
for the enumerators (Rastogi and Rao, 2002).
The options for closed end questions were
changed as per the information obtained
from the pilot survey. As the non-response
to the holiday travel pattern was more, it
is decided to eliminate from the survey. It
also decreased the burden over surveyor
and respondent by decreasing the survey
time per household. Usage of more than one
mode for a particular trip was found often
along the survey. So the activity- travel part
was modified with provision to include up
to three modes, its travel time and travel
cost separately in a single trip. Different
parts of the modified survey instrument for
collecting specific information, like personal,
residential location characteristics etc. are
shown in Fig. 3.
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Fig. 3.
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Different Parts of Modified Survey Instrument for Collection of Specific Information

4.2. Sample Characteristics

In pilot survey, a total of 158 houses were
surveyed from six different divisions. Eight
households showed unwillingness for survey.
150 households have 624 individuals and total
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number of trips is 925. Number of trips per
person is found to be 1.48. Average number of
persons per household is 4.16 and female male
ratio is 1059. Driving license is possessed by
34.78 % of people. Among the literate people,
27.88% have qualification as degree and more
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and 17.25% have Pre Degree or Diploma and
54.88 % have Matriculation or lower. Only
3.21% of the total population above age S is
illiterate. 7.37% of population has age below
S years, 20.67% has age between 6-20 years,
51.44% comes in 21-5S years age group and
20.51% have age above 55 years.

The household sample contain high, medium
and low income group of people. The

distribution of sample population according
to occupation is shown in Table 3. Among
the employed persons the major share is
for private employees and minimum for
government employees. Table 4 shows the
comparison of population characteristics
as per Census (2011b) and sample
characteristics. The sample characteristics
are showing close resemblance with the
population characteristics.

Table 3

Distribution of Population According to Occupation
Type of occupation Number of persons Percentage
Self Employed 67 10.74
Private employee 96 15.38
Government Employee 23 3.69
Daily wages S3 8.49
Seeking employment 8 1.28
Student 149 23.88
Home maker 194 31.09
Retired 34 5.45

Table 4

Comparison of Population and Sample Characteristics

Present Study Census Data
Population characteristics
(Year2017) (Year2011)

Literacy Rate (%) 96.79 97.31
Workers (%) 38.30 38
Sex Ratio 1.059 1.028
Persons per Household 4.16 3.99

5. Discussion on Survey Experience
5.1. Nonresponse Analysis

Nonresponse analysis was done for the
collected data to evaluate the survey
instrument and method of survey adopted
for the present study. The total response
rate of more than 80% is considered to
be satisfactory for household survey
(Richardson et al., 1995). The response rate
using Dairylis 93.878% and it is 96.67% for
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the modified diary. The overall response of
the pilot survey is 94.94%, which give the
adopted method of survey is satisfactory for
the main survey. The different reasons for
nonresponses observed are eligible person
was present in the house but unwilling to
share the required data for the survey, house
closed, eligible person out and contact
again. The respondents were not ready to
share their personal information was the
main reason for unwillingness to participate
in the survey. The non-awareness of
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respondents about activity- travel survey
was also another difficulty to make them
convince about the data requirement of
the survey.

Respondents were confused when asked
about their household and personal
characteristics for a ‘Travel Survey’.
Respondents were also arguing about
some security reasons for disclosing
their travel pattern. All these were to be
overcome by the enumerators for successful
conduct of the survey. The number of

Table §
Nonresponse Analysis

nonresponses recorded for each of the
reasons were tabulated and given in Table
S. It can be observed that the major cause
for nonresponse is the unwillingness of the
respondent to participate in the survey. The
causes of nonresponse like house closed,
eligible person out, contact again was
comparatively less due to the conduction
of the survey only on weekends and holidays.
In most of the houses more than one eligible
member were present which supported data
quality improvement, as the surveys were
conducted only on holidays.

Reason for nonresponse

No. of household

Successfully collected

150

Showed unwillingness

House closed

Eligible person out

Contact again

Form lost

O |[W|W»n| o

The response rate of household interview
method for different studies conducted for
research purpose in different parts of India
is given in Table 6. The other methods used
for data collection like Drop-off and pick-
up method, telephone interview method
etc. was resulting in a very low response
rate than household interview method

(Manoj and Verma, 2015; Muralidhar et
al., 2006; Rastogi and Rao, 2002).Present
study, with modified diary, is showing
highest response rate. It is evident that the
participation of response facilitator and
reduction in average interview time had
increased the response rate of household
interview method.

Table 6

Comparison of Response Rate for Household Interview Method
Different Studies Response percent
IIT Bombay, 2002 74.29
IIT Bombay, 2006 89.71
IISC Bangalore, 2015 85.71
Present study, Diaryl 93.88
Present study, with Modified Diary 96.67
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5.2. Problem of Missing Data

The problem of missing data also is a
parameter used to analyze the data collection
method and instrument format. Table 7
shows the overall response rate in percentage
of different characteristics in Diaryl and
Modified Diary. In household characteristics
the nonresponse was comparatively less. In
personal characteristics main nonresponse
is on personal income. It is modified by
using coding than directly asking for their
income, and thus increased the response rate.
For residential location characteristics the
modifications from row format to column

format have decreased the missing data in
filled diary. In case of travel characteristics,
missing data is more on travel distance
and travel cost of private vehicles. Travel
distance can be completed by using GIS
tools as the destination of each trip is
recorded, which will considerably increase
the response rate of travel characteristics
up to 90%. The travel characteristics
on holidays in Diaryl have highest
nonresponse, as the household members
showing unwillingness after a particular
duration of survey or they were not able
to recollect the activity-travel pattern one
week before.

Table 7
Percent Overall Response to Different Characteristics
Section Diary 1 Modified Diary
Completely | Partially Non Completely | Partially Non
filled filled response filled filled response
Household characteristics 90.82 3.06 6.12 93.33 3.33 3.33
Personal characteristics 84.69 9.18 6.12 90.00 6.67 3.33
Residential Location
characteristics
1. Row format 88.78 4.08 7.14 - - -
2. Column format - - - 93.33 3.33 3.33
Future metro usage 84.69 5.10 10.20 91.67 3.33 5.00
Activity-travel characteristics
1. On working day 63.27 28.57 8.16 70.00 26.67 3.33
2. On Holiday 38.78 29.59 31.63 - - -

The overall response on different
characteristics is mode for the modified
questionnaire. The use of column format
has helped in the data entry efficiency and
speed of enumerators. Average interview
duration is considered as an indicator of
burden on the respondent and also on
the enumerator. The average duration of
interview was 17.365 minutes using Diaryl
and it has reduced to 12.376 minutes using
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the modified diary. Two tailed t-test for
mean of the two samples are done at 95%
significance level. Calculated t-value is
6.77S and t-critical is 1.692. So the null
hypothesisis rejected and average interview
duration is a significantly lower for the
modified diary. The reduction in interview
time is a result of modification of travel
diary and experience of enumerators, which
have also reduce the cost of survey.
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6. Important Findings and Conclusions

The findings from survey instrument design
and pilot survey experience are listed below:

1. The high response rate for the survey
was due to the incorporation of the
response facilitator and pre information
to Councillors of each division;

2. Many of Household members were
willing to participate in the survey only
after confirming with their Councillors,
as they were exposed to some fake
surveys earlier;

3. The conduct of the survey only on
weekends and public holidays increased
the chance of meeting eligible household
members during the survey;

4. The study did not face any issues from
political or religious side. Only unawareness
of activity-travel survey caused some
confusion for the household members;

S. Employing qualified and trained
enumerators facilitated high response
rate. Ability of the enumerators to
communicate in local language and
English increased the response rate and
decreased the chance of partially filled
questionnaires;

6. Self-participation of the researcher in
data collection enhanced the confidence
of enumerators and also resulted in
better control at the field;

7. Household members were well aware
of the travel time but the distance
to destination was not known for
some commuters. In such cases the
destination was recorded properly
so that the distance travelled can be
calculated by using GIS tools;

8. The average interview time using the
modified diary was significantly less,
which in turn increased the overall
efficiency of the survey;

9. The contact efficiency of the enumerators
increased with experience and each
enumerator was able to collect data from
an average of 21 households each day.

6.1. Limitations

Other methods of household survey like
drop-off and pick-up method, telephone
interview method etc., are not considered
as these methods result comparatively high
nonresponse and low quality data in Indian
conditions. The advanced survey methods
like internet survey, computer assisted
personal interview etc., are avoided due to its
non-feasibility in a developing country. The
methods to improve response of household
interview method by giving incentives on
survey response are not studied due to
financial constraints.

6.2. Conclusions

Residential location characteristics that are
likely to influence the travel behaviour of
commuters are integrated in the conventional
travel diary for a developing country. The
role of response facilitator is the main reason
for high response rate in the household
interview. In a high literate metropolitan
region the survey response can be increased
by convincing the need of survey through
their Mayor and Councillors. In fact it can
also increase the quality of data obtained
from each household. The reduction in
duration of interview also increases the
response rate of household interviews.
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