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Abstract: The performance of urban transport is a critical aspect of a city’s functionality,
which needs to be supported by innovative data sources to analyze travel patterns. This
study explores the use of Google Location History (GLH) as a participatory geographic
information system for mobility surveys, offering a cost-effective and more detailed alter-
native to traditional approaches. GLH is a novel data source with high potential, but still
underutilized and underresearched, especially in developing countries. This study uses
a new approach in GLH data collection and data processing. Data were collected from
420 respondents in Medan, Binjai, and Deli Serdang (Mebidang) in Indonesia, to examine
urban travel patterns, including trip distances, modes, and purposes, while addressing
issues of data accuracy, privacy, and representation. GLH provides granular insights into
mobility, reducing biases associated with self-reported surveys and identifying discrepan-
cies between stated and actual transport usage. The findings highlight GLH's potential for
understanding spatial mobility patterns linked to demographic characteristics and travel
purpose in more detail. However, technical challenges, such as data anomalies and the re-
liance on two devices for data collection, underscore the need to improve location readings
and develop add-on tools capable of direct data export for large-scale mobility surveys.
This study advances the application of GLH in mobility research, demonstrating its poten-
tial use and challenges for large-scale mobility surveys. Future research should address
privacy concerns and optimize data collection to enable more inclusive and sustainable
urban mobility strategies.

Keywords: participatory mapping; Google Location History (GLH); mobile phone travel
survey; travel behavior; Indonesia

1. Introduction

Urban mobility and transportation are critical aspects of cities” functionality, which
becomes even more complex in high-density urban areas. Paradoxically, cities with the high-
est density are predominantly located in the Global South, which is less developed. Cities
such as Medan, Jakarta, Dhaka, and Manila have a density of well over 15,000 people/ km?,
where millions of people move for work, education, and leisure using private vehicles. High
use of private vehicles has negative consequences such as traffic jams, loss of productive
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life, increase risk of accidents, and increased pollutants and emissions. Empirical studies
have also confirmed that vehicular emissions accounted for more than 90% of harmful
gasses such as CO, VOC, NOX, and PM [1]. The gold standard for urban mobility is a
high use of public transport to ensure flows of people are synchronized and orchestrated
sustainably [2]. However, cities in the Global South face challenges in reaching this gold
standard, as many parts of the cities develop in a sprawl with narrow streets unsuitable for
buses, pavements occupied by informal street vendors, and lack resources to provide the
much-needed transportation infrastructure.

Understanding current mobility patterns is important to ensure the provision of
effective and efficient public transport with high usage. This includes understanding the
process of gradually shifting towards public transportation, so citizens can travel more
sustainably without much disruption. Mobility patterns can also inform the level and
spread of emissions, as most emission models use secondary data [3-7], but can hardly
predict emission changes based on complex socioeconomic dynamics.

Alternative data sources are needed to enable efficient mapping of travel behavior [8,9].
Conventional journey mapping involves asking respondents about their daily movement.
This can be time consuming and expensive [10,11]. The method also raises questions on
the behavioral accuracy since it relies on the memory of travelers and is often biased due
to underreported travel [12]. Furthermore, most journey mapping reporting formats only
show the modal split as an aggregated figure without providing specific details on how
the modal share varies across various distance bands. If detailed data are available, the
impact of interventions on the proportion of pedestrians (e.g., 1-3 km) or bicycle users
(e.g., 1-5 km) can also be accurately estimated.

This paper discusses a survey using Google Location History (GLH)—a still under-
researched innovative data source based on participatory mapping, to understand urban
mobility in more detail in one of Indonesia’s growing metropolitan areas, Mebidang, an
agglomeration of Medan, Binjai, and Deliserdang.

2. Literature Review

Data from participatory mapping are generally seen as a complimentary to large
scale datasets, including data from statistics and origin-destination surveys to gain deeper
understanding of citizens’ or the community’s mobility behavior. Participatory mapping is
a collaborative process where communities and stakeholders contribute to making a map
that reflects their knowledge, experience, and aspirations. Information from participatory
mapping can support behavioral change and enable effective provision of transportation
systems, and even urban design [13-15]. For example, understanding safety concerns in
using public transport and walking in certain areas, especially for women and children,
can inform local governments to prioritize upgrading pedestrian infrastructure, lights,
and security personnel to help citizens transition towards public transportation and active
mobility when going to school [16]. Understanding the different distance bands for each
vehicle can help the promotion of shifting strategies for each distance band, reduce “car
stickiness”—values attached to private vehicles—and provide better public transport for
certain routes [17]. The following section discusses current data sources and methods
relating to participatory mapping, especially using mobile phone-based GIS tools.

2.1. Participatory Geographic Information Systems (PGISs) on Mobile Phones

PGISs emerged as a response to critiques of traditional GIS, aiming to empower
marginalized groups in map-making. Applications under the general term of participatory
geographical information systems (PGISs) or public participatory geographical information
systems (PPGISs) have been helpful for decision-making in urban planning, environmental
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management, and disaster management, among other areas [18]. With the development
of new technology, there has been a push towards using new digital tools and methods
for participatory mapping [19,20]. Examples of interactive mapping tools include Map-
tionnaire, Citizenlab, and ArcGIS Hub, which allow respondents to manually input spatial
information on their usual routes to work or school and locate certain places of interest,
using simple location tags or drawn lines. These interactive applications also have options
where respondents can prioritize which initiatives should be developed first in which area.

The development of PGIS has also been largely facilitated by the development of mo-
bile phone technology. Mobile applications can utilize built-in GPS and location detection
features in smartphones. Some applications have been developed specifically for travel
surveys, such as ATLAS, developed for iPhone users [14], the Household Travel Survey
(Tennessee), and Future Mobility Sensing (MIT). Respondents are required to download the
application that tracks their movement for a certain amount of time, and then the collected
data will be sent to the server. For each of the study, less than 10% of interested people sent
their data. The low participation rate was linked to a technology familiarity gap, where
non-tech-savvy people are not likely to install and operate the app on their mobile phone.

Over the years, mobile phone technology has advanced, with higher location precision.
However, studies have also highlighted technical issues regarding travel data collected
from mobile phones. Mobile phones require input data from GPS, which are enhanced
by location triangulation from BTSs (base transceiver stations), WIFI, and other devices.
Depending on the quality of signal, device specification and data traffic, the precision of
the location varies [21]. False nodes can be recorded if someone is stuck in a traffic jam;
on the other hand, false trips can be recorded during idle time when the device location
recording bounces off several WIFI routers or BTSs in the surrounding area. There is also
still a possibility of human error, where respondents can forget to turn on the tracking app
or run out of data.

Due to the limitation of data precision and granularity, there has also been a wide
range of research focusing on mobile data analysis for transport modelling. For example,
Coppola et al. [22] used machine learning and clustering algorithms to identify mobility
patterns based on travel purpose and travel mode, and to verify nodes and trips. Data
analysis is also crucial for differentiating systematic and non-systematic trips. There has
also been a greater push towards using Al to better identify patterns systematically, and
decrease intervention based on the analyst’s judgement [23]. For researchers, the range of
data granularity and depth of data analysis depends on the purpose of the study.

For respondents, there are concerns over data protection; sharing a personal location,
including house location, and daily routes through an installed app might be intimidat-
ing [24-26]. While the apps developed for PGIS may fill in the gap for a more participative
survey, developing and operating the app can be costly and it may not be universally
available for researchers worldwide. The mentioned challenges also become the reason
that despite smartphone-based travel surveys’ great potential, they are still seldom used
on a large scale [24]. From a humanistic standpoint, the academic discussion on PGIS also
suggests future studies to improve technical, social, and political aspects in the process of
data gathering and interpreting the maps.

2.2. Google Maps and Google Location History as a Mobility Survey Tool

Google Maps is a free mobile application ubiquitously installed on smartphones
around the world, with an average 1.8 billion monthly users. Users utilize the app for
navigation and search locations. The app also allows location tracking; when activated,
the movement of the device is recorded and can be accessed through Google Location
History. Due to its great potential as a free tool for mobility studies, several studies have
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tested and used Google Location History for research in areas of mobility, transport, and
urban studies, as well as measuring the tool’s accuracy in recording place and time [27-33].
The previous studies concluded the precision of time is 85% and location 90% at a 100 m
radius, and precision of transport mode classification is more than 90% for private transport
and active mobility, and 80% for public transport. The findings inform us that GLH has
high accuracy at a 100 m radius, which may be more appropriate for city-wide studies
rather than smaller-scale areas. However, the accuracy can be maintained with less than
50 m radius when recording slower-pace movements such as walking and cycling, using
advanced location setting. Studies have also proven that data accuracy depends on network
infrastructure as well as device brand and specification.

Several studies have used GLH as mobility survey tool. In a study by Walker et al. [26],
out of 60,000 recruitment letters sent, only 282 location data from participants were able
to be used. Participants were required to send the JSON file from Google Takeout, which
consists of entire trip journeys recorded on Google Maps. The study was able to produce
detailed spatial and tabular data on number of trips, distance per mode, and heatmaps. Li
et al. [33] used a similar method but required participants to upload only seven days of
data in the KML format, downloaded from the desktop version of Google Maps. The KML
file is then uploaded to the Travel and Activity Internet Survey Interface (TRAISI) survey
platform, where participants can validate their travel data, such as place, time, and mode.
This study captured 956 weeklong travel data with a similar analysis method. Other studies
rarely obtained more than 200 respondents [25,26,28]. These empirical studies highlight
consistently different results compared to conventional survey methods, with a higher
number of trip legs and higher frequency of shorter distances, indicating that the GLH
method recorded more trips. While evidently being more effective than conventional meth-
ods, survey participants require multiple devices and basic understanding of technology to
participate, hence the low participation rate. Previous studies have provided evidence that
GLH is a valuable tool for mobility surveys, but also has a deficiency in terms of ease of
use and exclusion of certain participants. Tools used for analysis in previous studies were
also universally accessible programs.

This study used GLH as a tool for a mobility survey with adjusted approaches in par-
ticipant engagement and data analysis to make it more universal and inclusive, especially
as the survey was conducted in Medan, Binjai, and Deli Serdang Cities, in North Sumatera,
Indonesia—a developing country with lower infrastructure and technology adoption than
the Global North. The survey seeks to gain more granular data of urban mobility, including
the current level of usage of transportation modes at different distance bands and preferred
routes tied to respondents’ demographic data. These types of data are useful for transport
models, and support programs that focus on shifting private vehicle use towards public
transportation and active mobility.

These data were compared to results from other studies in the area, mainly the Sustain-
able Urban Mobility Plan (SUMP) document published in 2022. It is currently considered
the most comprehensive source of data. It brings together information from interviews,
manual vehicle counts on major streets, and movement patterns supplied by a mobile
telecommunication data provider. However, this conventional approach does not pro-
vide the modal share for each distance band and lacks detailed spatial data which can
potentially help understand mobility patterns in first and last mile travel for more detailed
transportation models.

3. Materials and Methods

We undertook the mobility survey in the agglomeration area of Medan, Binjai, Deli
Serdang (Mebidang), a growing metropolitan in North Sumatera, Indonesia, which ur-
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gently needs to develop public transportation (Figure 1). The aim of the survey was to
collect mobility data from smartphone GPS that could then be analyzed in terms of total
and average trip distance, travel time, type of vehicle, and location of occurring visits;
workplace, schools, and bus stops. To understand mobility based on characteristics, each
type of the data above is needed including demographics; trip purpose, age, education,
occupation, and similar factors.
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Figure 1. Map of Mebidang.

practicality, and file size per participant, we decided that participants only needed to share
7 days of travel data in KML format. To obtain the KML data, respondents needed to
download them from a PC or laptop by exporting a selected travel date from Google Maps,
as the mobile app version did not have an export feature. A similar method was used by Li
et al. [33], who extracted KML data, whereas other publications on Google Location History
(GLH) surveys required respondents to download JSON file (a simple text file used to store
and share structured data) downloaded from Google Takeout, which is a record of all travel
data recorded on Google Maps, and is significantly larger than KML files collected in this
survey [26]. The KML data were then uploaded to a Google Form, which was compiled
and analyzed by the data collection team.

Clear information about the survey’s purpose and data collection was given to partici-
pants to ensure ethical considerations and privacy protection. Participants also received the
option to opt out or decline participation. We took measures to ensure secure data storage
and prevent disclosure to third parties without explicit participant consent. The University
of York Ethics Board also approved the survey.

We carried out a pilot survey before the main survey to test the data collection process
and assess data suitability for the research. The pilot survey took place in December
2023, with a target of 50 respondents. We disseminated survey information through local
newspapers, radio, and social media. We held a session with students at Universitas
Sumatera Utara (USU) to promote the survey. As an incentive, we entered participants
into a prize draw for a new mobile phone. Respondents took part by completing a Google
Form, which included sections for consent, demographic information, and uploading KML
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data. The form also provided a link to a step-by-step guide on how to record, download,
and upload KML data from Google Maps. By the end of the pilot survey, data from
49 respondents had been collected.

The pilot survey highlighted several important lessons. First, the demographic spread
was overly homogenous, with most respondents being university students, particularly
from USU. Only 12.26% of respondents had learned about the program through the media
used for promotion. This lack of diversity in respondents was not representative of the
general population of Mebidang, limiting the survey’s ability to capture a broad range of
mobility patterns. Despite using various channels to promote the survey, participation rates
were low. The low participation in the pilot survey resembled that of previous surveys
using GLH and other PGIS tools. Second, although we provided the survey information,
including a step-by-step guide on the required data, 34.7% of submissions did not meet
the criteria. Some participants uploaded less than seven days of travel data, while others
submitted files in incorrect formats, such as screenshots of their travel history or corrupt
files. These challenges underscored the need for improved communication and support to
ensure accurate and complete data collection.

We adjusted the data collection process based on lessons from the pilot survey, then re-
cruited surveyors to find respondents and collect their travel data in KML format, blending
new survey tools with traditional face-to-face engagement. We split the Google Form in
two to be inclusive and account for participants who might be less tech-savvy or had not
enabled location recording on Google Maps. The first form was used to collect personal
data- age, sex, education, occupation, main purpose of travel, and perception of comfort
and safety of the daily travel, while the second form was used to upload the KML data.
By using this approach, it was possible for surveyors to find participants who would take
part, and ask them to turn on their location recording, then collect data in the next week.
Surveyors had an active role in maintaining communication with the participant. By using
surveyors, participants who did not have access to a personal computer/laptop to export
their KML data could be paired with survey facilitators equipped with laptops.

3.1. Data Collection

We employed stratified random sampling. Key considerations for grouping included
ensuring a proportional distribution of respondents across the cities of Medan, Binjai, and
Deli Serdang (Mebidang) and including vulnerable groups, in alignment with gender equal-
ity and social inclusion (GESI) principles. The target sample size was set at 400 respondents,
calculated based on Cochran’s sampling formula with a 5% margin of error. This sample
size ensures robust statistical analysis. In comparison, other surveys involved sample sizes
with less than 200 respondent data, with only Li et al. [33] successfully achieving more than
500 respondents. This study used a respondent distribution of 60% from Medan, 20% from
Binjai, and 20% from Deli Serdang, with vulnerable groups comprising at least 15% of the
total sample.

We conducted the survey between 1 August 2023 and 30 October 2023, successfully
collecting 420 valid weeklong travel data, exceeding the minimum target of 400. There were
four steps of initial data cleaning involved, as shown in Figure 2. The first was to check the
correct file format, and all 503 respondents’ data were valid. The process was continued by
individually checking the KML files were readable, eliminating email duplication or other
identification issues due to wrong uploading process, and finally eliminating trips made
outside Mebidang. At the end of the cleaning process, 420 valid travel data were ready to
be analyzed.
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Figure 2. Data cleaning process phase 1.

We divided the analysis into two components: descriptive statistical analysis and
modelling, based on KML files capturing respondents’ journeys over one week’s travel
within the Mebidang area. The dataset included 62% of respondents from Medan City, 15%
from Binjai City, and 23% from the Deli Serdang region. Sixteen percent of respondents
represented vulnerable groups, ensuring inclusivity in line with the study’s objectives.
There were 2940 KML files collected, comprising 9918 lines and 16,573 nodes. To comply
with ethical and confidentiality guidelines, respondent email data were removed during
data cleaning prior to analysis. This ensured the protection of participant information while
enabling robust data analysis.

This study used Power BI to extract data from KML files; alternatively, this process can
also be conducted in MS Excel. Prior to analysis, the data required cleaning to address errors
resulting from issues such as low internet connectivity, poor GPS accuracy of mobile devices,
and the nature of how the devices interacted with surrounding WIFI, telecommunication
towers, and other devices, as mentioned in previous studies [21,22,24,27,32]. These errors
led to the following challenges:

a. Inaccuracies in the recorded spatial and temporal data for nodes and travel;
b.  Difficulty in accurately predicting the mode of travel based on the spatial data provided.

Because of these factors, raw KML data from GLH required additional cleaning.
Examples include trips labelled solely as “moving”, with no assigned transport mode, and
instances where trips were recorded despite the respondent remaining stationary. The
latter issue was identifiable when data showed respondents moving at very low speeds
in a pattern circulating around nearby points. Sometimes, data showed respondents
returning to their usual starting point but being recorded as continuously moving around
that point from night until morning. Such anomalies required resolution through academic
assumptions and expert judgement. Previous studies have used predefined criteria for what
is considered a node or place, depending on the context and scope of the study; for example,
continuous movement in a 1 km radius can be considered a node. Figure 3 outlines the data
cleaning steps in this study, including assumptions for determining travel modes based on
average speed and distance patterns observed in the dataset. Trips labelled “movement” in
between two trips with the same transport mode were labelled the same. For example, in a
series of trips labelled motorcycle “movement”, a motorcycle was assumed to be fully made
by motorcycle. The data cleaning process was followed by the extraction of demographic
and travel-related variables for analysis.
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Figure 3. Data cleaning process phase 2.

3.2. Method for Analysis

Power BI application was used to transform the data from KML files into tabular
format, and to extract the following information (see Table 1):

Table 1. Variables extracted from Google Timeline KML data.

Variables Measurement
Place Node—coordinates
Travel distance Line length between two coordinates
Travel time Time stamps difference between two coordinates
Transport mode Predictions based on Google Map algorithm

We then integrated the tabular data with the personal data collected through Form 1,
which contained respondent characteristics. We analyzed this combined dataset using pivot
tables to explore mobility patterns. Demographic data were essential for describing the
travel behavior of different groups or clusters, such as the movement patterns of students
on weekdays. The Power BI dashboard facilitated the visualization of heatmaps and
movement patterns, enabling the overlay of travel routes for further analysis.

4. Results
4.1. Data

Before further discussing the data, it is necessary to disclose the comparison of the
proportion of the sample size compared to the overall population proportion to limit
generalization of results (See Table 2). The sample proportion for each area did not precisely
reflect the population, and the sample size was only 0.009% of the population. The GLH
data in this study serve as an additional insight regarding vehicle mode in each distance
band, confirm general mobility patterns shown by the SUMP, and reduce bias from self-
reported travel logs in traditional surveys.

Table 2. Sample size and proportion in comparison with the population.

. . . . . . Sample Size/
Area Population Size Population Proportion Sample Size Sample Proportion Population Size
Medan 2,486,283 51% 262 62% 0.011%
Binjai 307,170 6% 62 15% 0.020%
Deli Serdang 2,048,480 42% 96 23% 0.005%
TOTAL 4,841,933 100% 420 100% 0.009%

The demography of respondents from Form 1 is shown in Table 3, where the proportion
of male and female in the sample is balanced and resembles the proportion of the population.
Most respondents were young and productive in the age range of 20-39 (78.6%) with a
balanced distribution in terms of occupation between students, employees, self-employed,
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and entrepreneurs. People with disability accounted for 3.6% of the sample. The data on
main travel purpose reflect the respondents’ occupation: 24% were for education, and the
majority for work. Based on self-report inputs in Form 1 regarding the most dominant used
vehicle for daily travel, most respondents answered motorcycle (45.2%), followed by public

transportation (35%) (See Table 4).

Table 3. Respondent characteristics.

Sex Male 53.8%
Female 46.2%
Age <19 5.2%
20-24 27.6%
25-29 21.9%
30-34 18.6%
35-39 10.5%
40-44 8.6%
45-49 4.0%
50-54 1.7%
55-59 1.7%
>60 0.2%
Disability Yes 3.6%
No 96.4%
Occupation Student 24.3%
Employee 17.1%
Self-employed/freelance 17.9%
Entrepreneur 20.2%
Last Education Senior high school 50.5%
Diploma 7.6%
Bachelor or higher 36.7%
Table 4. Travel profile.
Travel Purpose Work 66%
Education 24%
Business 4%
Others 6%
Daily mode Motorcycles 45.2%
Public transport 35%
Car 9%
Others 10.8%

Figure 4 provides a visual representation of a sample KML dataset, as viewed in
both Google Earth and Power BI, illustrating the spatial and temporal dimensions of the

travel data.

Figure 4. (a) KML opened in Google Earth; (b) KML opened in Power BL.
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4.2. Analysis

The cross-tabular analysis indicates that trips for business and work purposes consti-
tuted the highest number of trips per person per day (See Table 5). In terms of transport
modes, motorcycles were the most used vehicles, followed by private cars (See Table 6).
Overall, motorcycles were the predominant mode of travel across all trip purposes (See
Table 7).

Table 5. Number of trips per day per person based on trip purpose.

Number of Trips per Day per Person

Trip Purpose
All Day Weekdays Weekends

Work 426 4.26 426
Business 5.01 4.65 6.00
Education 3.28 3.34 3.09
Shopping 2.68 2.55 3.00
Holiday/soctal 4.00 3.86 432

activity
Others 2.64 2.40 3.25

Table 6. Number of trips per day per person based on trip mode.

Number of Trips per Day per Person

Trip Mode
All Day Weekdays Weekends

Driving 2.71 2.64 2.88
Motorcycling 3.37 3.38 3.36
On abus 1.30 1.35 1.00
On a train 1.11 1.17 1.00
Cycling 1.41 117 2.33
Walking 1.18 117 1.27

Table 7. Trip purpose and travel mode.

Tio P Mode
rip Purpose
PP Driving  Motorcycling Bus Train Cycling Walking Total
Work 18.59% 52.23% 0.20% 0.02% 0.33% 0.35% 71.73%
Business 1.35% 2.76% 0.00% 0.02% 0.00% 0.01% 4.15%
Education 4.19% 13.72% 0.47% 0.06% 0.05% 0.39% 18.89%
Shopping 0.37% 1.56% 0.05% 0.00% 0.00% 0.01% 2.00%
Holiday/social activity 1.00% 1.82% 0.01% 0.00% 0.03% 0.01% 2.87%
Others 0.22% 0.15% 0.00% 0.00% 0.00% 0.00% 0.37%

Regarding travel distance by mode, Table 8 illustrates that each mode was used within
specific distance intervals. Cars were most frequently used for distances of 5-10 km,
although usage remained relatively consistent across intervals, even for journeys exceeding
20 km. In contrast, motorcycles were significantly more common for shorter distances of
0-2.5 km, with usage declining as distance increased.

People primarily used trains for long-distance travel, while they most often used buses
for medium distances, particularly 5-10 km and 10-20 km. Cycling and walking were
predominantly used for short distances of 0-2.5 km. Figures 5 and 6 present examples of
travel mode heatmaps from the Power Bl dashboard, with red and yellow colors showing
areas with the highest concentration of driving and cycling activity.
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Table 8. Trip distance by travel mode.
Trio Mod Distance

AP Mote 0 25km  255km  5-10km 1020km  >20km O
Driving 5.29% 5.27% 5.79% 4.70% 4.67% 25.72%
Motorcycling 24.89% 15.97% 14.81% 10.46% 6.11% 72.25%
Bus 0.09% 0.11% 0.25% 0.23% 0.05% 0.74%

Train 0.00% 0.00% 0.01% 0.00% 0.09% 0.10%
Cycling 0.17% 0.09% 0.05% 0.08% 0.02% 0.41%
Walking 0.72% 0.02% 0.03% 0.01% 0.00% 0.78%
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Figure 5. Heatmap of driving mode mobility.
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Figure 6. Heatmap of cycling mode mobility.

5. Discussion

By adopting the GLH as a tool for a mobility survey in Mebidang to provide an
innovative data source, we gained insight regarding the implementation of the survey
design and how it may be replicated in other places. In this section, we also discuss how
GLH data can complement data from SUMP, and address how this study has handled
privacy concerns and the issue of inclusive representation, as well as possible policy
implication of this study.
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5.1. Data Collection Challenges and Data Quality

Building on insights from previous studies, we recognize that while Google Timeline
offers potential as a free and widely accessible tool, it also has notable limitations. Currently,
the mobile app lacks a feature to export travel data directly, making it necessary to use a
laptop or personal computer to download data via the desktop version. This additional step
poses a challenge to data collection, as the complexity of the technical process contributes
to low participation rates. This was evident in previous GLH surveys, and confirmed
again during this study. This survey also reaffirms the technical dependencies reported
in previous literature, with data accuracy influenced by factors such as the quality and
settings of mobile phone GPS, internet connectivity, and the availability of surrounding
Wi-Fi networks. The accuracy varies depending on the travel mode [27,28,30,32,34]. While
this study did not directly examine accuracy, we assume the margin of error is consistent
with that reported in earlier research.

In undertaking this mobility survey, two primary challenges were encountered:

a.  Use of two online forms: Using two online forms aimed to accommodate participants

who took part but had not yet enabled location tracking. To link Form 1 and Form
2, respondents were required to use the same email address, a requirement commu-
nicated both in writing and by the facilitators. However, some respondents used
different email addresses for the two forms. In certain instances, respondents were
unwilling to use their primary Google account, did not have an existing account, or
had forgotten their passwords. A lack of understanding of the step-by-step guide led
some respondents to create a new account for each form.
The more steps involved, the greater the likelihood of error. Despite these risks, we
adopted this approach to ensure the survey remained inclusive, accommodating
participants with varying levels of technological literacy and those from vulnerable
groups. Establishing trust with participants regarding the use of their personal travel
information also posed challenges. We assisted each participant, setting up their
Google location tracking and conducting a follow-up the following week. Despite
the challenges in data collection, this approach yielded better results than the pilot
survey, achieving a wider and more inclusive demographic spread, including travel
data from vulnerable groups.

b.  Data anomalies: Some anomalies observed in this survey were consistent with those

reported in previous studies, such as GPS drift and sudden location jumps spanning
miles within seconds [26]. In this survey, we identified instances where, during
idle periods at night, multiple locations were recorded with an average speed below
5 km/h (See Figure 7). We addressed these anomalies using a cleaning process,
as illustrated in Figure 3. This process was like the approach described by Gillis
et al. [35], which involved eliminating false starts, false stops, and trips exceeding
100 km in length.
We identified an additional error, not reported in previous publications: inaccuracies in
location and time readings affected the algorithm used to predict travel modes. Table 9
below illustrates the number of trips categorized as “moving”, without assignment
to any specific transport mode. To address this, we made assumptions to classify
the travel mode, primarily based on speed and trip continuity (see Figure 3). For
example, if a trip included four segments, with the first and last segments recorded as
motorcycle trips and one middle segment labelled “moving”, we assumed the entire
trip used a motorcycle.
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hours, distance 16.35 km, speed 1.05 km/hours)

Figure 7. Example of location detection anomaly.

Table 9. Anomaly in Google Maps transport mode prediction.

Number of Trips o Number of Trips o
Before Data Cleaning ° After Data Cleaning ?
Driving 25.49% Driving 25.72%
Motorcycling 71.42% Motorcycling 72.25%
On abus 0.74% On abus 0.74%
On a train 0.10% On a train 0.10%
Cycling 0.41% Cycling 0.41%
Walking 0.78% Walking 0.78%
Moving 1.07%

The research team managed the data cleaning for the 420 collected datasets. While the
data collection method could be refined to optimize the acquisition of data in the correct
format, the accuracy of the spatial data remains a concern. This study still relied on a
manually predefined definition of what is considered idle, and classified vehicle mode
based observed patterns of speed and distance in the overall dataset to fill in the gaps.
This stage was time consuming and relied heavily on analysts” knowledge and capacity.
Improvements could come from future Google Maps updates or from more advanced data
processing techniques to systematically detect and correct anomalies. Machine learning
and cluster analysis, such as conducted by Coppola et al. [22], can enhance data quality,
as well as support predictions of trip purpose, trip mode, and differentiate between rou-
tine commute and incidental travels. An alternative approach is the use of a prompted
recall (PR) method to enhance the accuracy of recorded data. This involves respondents
reviewing their mobility data daily to verify its accuracy [34]. However, the feasibility of
this method depends on the type of survey being conducted, as it requires a certain level of
respondent understanding or additional facilitator support, which can be time-consuming
and resource intensive.

5.2. Mobility Patterns

By comparing the data obtained in this survey to the Mebidang SUMP, we saw that the
number of trips per day recorded in this GLH survey was higher than that reported in the
SUMP, aligning with the findings of GLH survey by Gillis et al. [35]. The SUMP recorded an
average of 2.5 trips per person per day whereas the average trip recorded in this survey was
3.6 trips per person per day. The higher trip count in this survey is attributed to its more
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detailed approach to data collection, which used digital location data rather than relying
solely on respondents’ recall. For instance, in a conventional travel survey, a respondent
may report travelling from home to work in the morning and back in the evening, resulting
in two recorded trips. However, intermediate stops at locations such as a bookstore, petrol
station, or a friend’s house are often omitted. If trips are defined solely as journeys to
primary destinations, this approach may suffice. However, the Google-based survey used
in this study does not distinguish between primary and secondary destinations, resulting
in all stops being recorded as separate trips. On the other hand, GLH does not distinguish
between private vehicles and taxi. The modal split of passenger kilometers in the SUMP
was 42% for motorcycles, 4% motorcycle taxis, and 30% for private cars. This GLH survey
showed the split of passenger kilometers was 61% for motorcycle, and 38% for cars, a
higher number in both modes. In regards to public transport, the SUMP reported a 6%
modal share, whereas this survey reported less than 1%.

Cross-tabulation analysis revealed higher trips per day per person among specific age
groups (20-24) and for certain purposes—work and education. The survey also provides
insights into average trip distances by mode, which can be further disaggregated by
age group and trip purpose. These insights are valuable for planning interventions to
reduce private vehicle use. The data capture spatial mobility patterns by vehicle type,
age group, and trip purpose, as well as comparisons between weekday and weekend
travel. This detailed dataset serves as complementary information that can be used in
transportation modelling.

The GLH survey in Mebidang confirmed key mobility patterns along main arterial
roads, as reported in the SUMP, while providing enhanced granularity on first- and last-
mile mobility. The survey data highlight discrepancies between self-reported travel modes
and those recorded by Google Maps. Table 10 shows that, based on self-reported data from
Form 1, 35.09% of trips were reported as using a bus, whereas the GLH data shows that
only 0.74% of trips were made using a bus. This discrepancy underscores the advantages
of this method over conventional journey-mapping surveys.

Table 10. Comparison of self-reported and recorded transport mode.

Self-Recorded Total = GLH-Recorded Total

Private car 8.43% Driving 25.72%
Taxi (including online taxi) 0.71%
Four-wheeler ridesharing 2.41%

Motorcycle 44.55%  Motorcycling  72.25%
Motorcycle taxi (including online motorcycle taxi) ~ 4.59%
Two-wheeler ridesharing 1.56%
Three-wheeler motorcycle rickshaw 0.57%

On abus 35.09% On a bus 0.74%

On a train 0.95% On a train 0.10%

Cycling 0.14% Cycling 0.41%

Walking 0.99% Walking 0.78%

As with previous GLH surveys, the main limitation of this study is the small sample
size. The challenge in collecting KML data is especially due to requiring access to a desktop
computer or laptop as well as having a mobile phone. In developing countries such as
Indonesia, the technology adoption gap is wider, and many people have only mobile phones
without access to desktop computers or laptops. Even though this survey collected more
GLH data than most previous studies, the sample size is still significantly smaller compared
to data collected for the SUMP, and less than 1% of the population size. Hence, this study
is not meant to generalize mobility patterns at the metropolitan scale, but to provide data
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for deeper network analysis and travel. With a small sample size, GLH surveys can target a
smaller survey area, or observe more detailed movements of certain respondents, based on
age, occupation, or travel purpose. Table 11 below provides a summary of advantages and
disadvantage of GLH data collection for large scale travel surveys.

Table 11. Advantages and disadvantages of GLH data collection in large-scale survey.

Advantages

Disadvantages

Digital recording and mode coding: Data were
recorded digitally from the outset and coded with
transport modes, ensuring objective and accurate
information on journey routes and modes

of transport.

Temporal specificity: Specific dates for recorded
journeys can be requested, enabling comparisons
between weekday and weekend travel or analysis of
the impact of events (e.g., heavy rainfall causing
surface water flooding or infrastructure changes).
Large data volumes: The method allows for the
collection of substantial quantities of data,
supporting statistical analyses such as modal split
assessments (by demographic groups), route
popularity studies, and hotspot mapping.
Editable travel logs: Missing travel logs can be
corrected within the location history record.

Participant recruitment: Achieving significant
numbers of participants can be challenging without
offering incentives.

Technical barriers: Uploading timeline data can be
difficult for participants, potentially leading to gaps
in the data. This limitation can be mitigated by
providing step-by-step videos, written guidance,
and surveyor assistance.

Digital exclusion: Marginalized groups without
access to smartphones may be underrepresented in
the dataset.

Trust issues: Participants must trust the process to
share their individual mobility patterns, which can
deter some individuals from taking part.

Data processing complexity: Efficiently processing
large datasets requires programming skills to fully
leverage timeline histories for analysis.

In summary, this study builds upon previous literature regarding data collection from
mobile phones, especially using GLH data. The survey conducted in this study is the first
in Indonesia that we know of, and among the first conducted in developing countries.
Therefore, it provides new insights regarding the potential and challenges to conduct
similar surveys in developing countries. This study used simple analysis to acquire data
on travel mode per distance band, which could be further processed using cluster analysis
for deeper understanding of variance and similarities of variables in the dataset [22].

5.3. Privacy and Representation

Privacy and data protection are critical concerns in surveys using detailed travel data.
Some participants declined to take part, citing complexity or data privacy concerns, while
others created new Google accounts specifically for the survey. Although this survey did
not quantify these concerns, prior studies, such as that by Hystad et al. [25], found that
34% of non-participants cited data privacy as their reason. Servizi et al. [24] emphasized
the importance of standardized privacy measures to protect respondents and foster trust,
given the utility of detailed travel data for analysis.

Compared to similar studies, this survey adopted enhanced privacy protections.
Typical GLH surveys require respondents to download their entire Google Takeout history
as JSON files, which are then uploaded to a database with usage declarations [26,27,29,31].
Even when only a week of data are permitted for use, months or years of history are often
inadvertently shared. This survey required only seven days” worth of KML data, which
did not need to be consecutive and could be sampled from any month. This approach
balanced data security with respondent flexibility. Similarly, studies by Li et al. [33] and
Cools et al. [30] employed a restricted approach using KML data and demographic inputs.

We agree with Sieg et al. [36] that high standards of privacy protection must be
maintained, including withholding raw data and employing visualization techniques like
macro-scale maps and heatmaps to obscure identifiable information. Guidelines for privacy
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operations in smartphone-based surveys, such as those compiled by Pennekamp et al. [37],
offer useful frameworks for implementing these measures.

Respondent representation is also a concern with a survey using GLH or other
smartphone-based surveys. Previous publications have explained that recruitment is by
random sampling, sending letters and emails to previous census respondents. On the other
hand, there were also small-scale surveys such as that by Hystad et al. [25], which conducted
a survey in health research, by sampling only people who participated in previous research.
Random sampling, often used in larger studies, cannot capture less educated or techno-
logically skilled populations, exacerbating representation gaps, particularly in regions
with significant inequalities like Indonesia. This issue was clear in our pilot survey, where
university students were overrepresented. Maruyama et al. [38] noted that younger re-
spondents are more motivated by incentives, whereas older individuals are less influenced
by such measures. To achieve balanced demographic representation, random sampling
strategies must incorporate targeted outreach and tailored recruitment approaches.

5.4. Policy Implication

Detailed travel data from GLH can support evidence-based infrastructure develop-
ment and public transit optimization. For example, Figure 5 provides information on
driving patterns around bus corridors, which can be used to decide locations for park and
ride facilities and policy formulation on electronic road pricing (ERP), whereas Figure 6 can
support policies for better cycling infrastructure provision. Selected GLH data on education
trips can be used to better facilitate safe pedestrian infrastructure and public transportation.
Quantitative data mined from GLH, which are not available in traditional travel surveys,
are the distance band for each transport mode. For instance, Table 8 shows that motorcycles
were mostly used for trip legs up to 10 km, whereas cycling was mostly used for travel up
to 2.5 km. This can inform policymakers to improve cycling infrastructure 2.5 km around
dense housing areas to strengthen active mobility, and make intervention to reduce reliance
on motorcycles for travel up to 10 km, especially for daily trips such as for education.

6. Conclusions

This study demonstrates the potential of GLH as an innovative and cost-effective tool
for mobility surveys. By using the widely available Google Maps application, this method
eliminates the need for bespoke survey software and additional downloads, making it
more accessible for participants while reducing costs.

However, GLH presents technical challenges that require attention. These include
inaccuracies in identifying travel modes and false short trips caused by Wi-Fi and telecom-
munications network interference [27-29,39]. While these issues were manageable for
this survey’s dataset of 420 respondents, larger datasets may require automated cleaning
processes to maintain data quality. Developing a mobile application capable of direct data
export could streamline the reliance on two devices—a smartphone for data collection and
a computer for exporting KML files. Privacy concerns remain critical; strong measures to
protect confidentiality and assure participants of data security are essential to encourage
participation and ensure reliable data collection.

This survey showed GLH’s ability to provide deeper insights into mobility patterns
compared to conventional surveys conducted in Mebidang. By recording detailed trips
tied to respondent characteristics and travel modes, GLH offers rich data that can inform
transport planning and analysis. For instance, GLH data revealed discrepancies between
public transport trips self-reported by participants and those recorded by the system,
highlighting its potential to reduce reporting bias. GLH data supports transport modelling
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by identifying linked spatial mobility patterns and travel modes at different distance bands,
which can better inform policies, regulations, and infrastructure development.

While this study contributes valuable insights, future research should explore GLH
data further through advanced data science techniques, such as demographic modelling
and automated processing. Changes in Google’s data storage policies should also be
monitored, as local storage and direct data export capabilities could enhance practicality.

In conclusion, GLH offers a promising, cost-effective solution for mobility research,
with significant potential to advance urban planning, emissions analysis, and sustainable
transport strategies. Continued development to address its technical and privacy challenges
will further strengthen its utility and application.
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